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OBJECTIVES 
1. To evaluate and characterize different isolates of B. bassiana on the basis 
of their pathogenic potential to the test insects {Helicoverpa armigera, 
Spodoptera litura and Spilosoma obliqua). 
2. To evaluate and characterize different isolates of B. bassiana on the basis 
of physiological and morphological parameters: 
(i) Effect of different synthetic nutrient media, pH and temperature on 
the growth of 5. bassiana. 
(ii) Study of morphological characters of 5. bassiana. 
3. To study the histopathology of H. armigera, S. litura and S. obliqua 
infected with B. bassiana. 
4. To determine susceptibility of different larval instars of H. armigera, S. 
litura and S. obliqua to B. bassiana at different inoculum levels. 
5. To study the influence of different host plants on the susceptibility of H. 
armigera, S. litura and S. obliqua to B. bassiana. 
6. To determine the effect of different temperature on the susceptibility ofH. 
armigera, S. litura and S. obliqua to B. bassiana. 
7. To study the compatibility of 5. bassiana with pesticides and bioagents: 
(i) Effect of pesticides on radial growth ofB. bassiana. 
(ii) Effect ofB. bassiana on some insect predators. 
8. To study the host range ofB. bassiana. 
9. To screen different substrates for mass multiplication ofB. bassiana. 
SUMMARY 
The salient findings of the studies conducted, are given below as per the 
objectives: 
1. Studies pertaining to the screening of different isolates of entomopathogenic 
fungus, B. bassiana against H. armigera, S. litura and S. obliqua revealed that 
all the 10 isolates were able to infect 3'^ ''-stage larvae of the test species of the 
insects in the laboratory bioassays. However, their virulence varied greatly 
among the three test species as evidenced by percentage mortality, LC50 and 
LT50 values. Among the isolates, the mean mortality ranged from, 47.50 to 
77.08 per cent against H. armigera, 26.11 to 52.79 per cent against S. litura 
and 51.12 to 81.12 per cent against S. obliqua. Probit analysis of dose-
mortality relationship revealed that LCsos ranged from 0.30 xlO^ to 116.63 
xlO^ conidia ml"', 20.17 xlO^ to 9781.55 xlO^ conidia ml"' and 0.06 xlO^ to 
177.83 xlO^conidiamr'for//. armigera, S. litura and S. obliqua respectively. 
The highest percentage mortality and lowest LC50 values were recorded for 
BBIO isolate for all the three test species. Results also revealed that estimates 
of mean lethal time for H. armigera, S. litura and S. obliqua ranged from 
86.18 hr to 165.50 hr, 154.43 hr to 307.83 hr and 86.80 hr to 179.98 hr 
respectively. The LT50 estimates were lowest for BBIO isolate for the two 
species i.e. H. armigera and S. obliqua and for BB4 isolate in case ofS. litura. 
The results also indicate that the increase in inoculum level of different 
isolates ofB. bassiana resulted in corresponding increase in mortality rates in 
the three test insects. In general, significant differences were noticed at lower 
inoculum level ranging from 2x10^ * to 2 x 10^ conidia ml'' when mean of all the 
isolates was considered. 
On the basis of these findings BBIO isolate may be considered as the 
most virulent towards the three test species. 
2. Studies pertaining to evaluation and characterization of different isolates of 5. 
bassiana revealed that in general, significantly higher growth was observed in 
BBIO isolate in terms of mean colony diameter (37.66 mm), mean conidial 
yield (23.95x10^ conidia ml'') and mean mycelial dry weight (0.3208 gm). 
Findings of the above studies also indicated towards wide variations in 
different isolates for their requirements for nutrient media, pH and 
temperature. In general, better growth of different isolates was observed on 
SDA medium. Significantly higher hyphal growth was however, seen in 
media with pH values between 6.0 and 6.5, and temperature range of 20 to 30 
°C. On the basis of these results, pH value 6.0 and temperature of 25 °C was 
considered as optimum for growth and sporulation of BBIO isolate. Isolates 
BBl, BB2, BB3, BB4 and BBS were characterized as potential isolates in 
terms of hyphal growth and sporulation. On the basis of growth parameters 
and the virulence tests, BBIO isolate was therefore, selected for detailed 
studies related with the use of this bio-agent in IPM of the test insects. 
3. Histopathological observations on infection of 5. bassiana in larvae of i^. 
armigera, S. litura and S. obliqua showed progression and disease 
development due to infection of the fungus resulting in cytological changes 
and extensive destruction of tissues because of invasion of most of the internal 
organs by fungal hyphae. The gut and haemocoel was found completely filled 
with the fungus after 96 hr, post inoculation in case of H. armigera and S. 
obliqua and 120 hrpost inoculation in case of .S*. litura. 
4. Studies pertaining to the determination of susceptibility of different larval 
instars of the test insects at different inoculum levels of BBIO isolate of 5. 
3 
bassiana revealed that generally 2 and 3 larval instars were more 
susceptible than the 4"^  and 5"^  as compared on the basis of percentage 
mortality, LC50 and LT50 values. These results thus show that mortality rates 
decreased with advancement in age of the larvae. Mean mortality percentage 
for various larval instars of 77. armigera, S. litura and S. obliqua varied from 
52.08 to 73.00, 26.78 to 48.15, and 35.41 to 64.16 per cent respectively. LC50 
and LT50 values were observed lower for the initial instar larvae and higher for 
the later instar larvae. Results also revealed that the different instars of the 
three test species were found more susceptible to the infection of 5. bassiana 
at higher conidial concentrations than at lower concentrations. These results 
showed that the host age and inoculum levels of fungus are responsible for 
influencing pathogenicity of 5. bassiana. 
5. Studies pertaining to influence of host plants on the susceptibility of test 
insects revealed that H. armigera, S. litura and S. obliqua more or less varied 
in their susceptibility to the infection of B. bassiana when reared on different 
host plants. In terms of percentage mortality H. armigera larvae were 
significantly more susceptible to B. bassiana infection when reared on Cicer 
arietinum L. (83.33%) and Pisum sativum L. (86.66%) as compared to 
Lycopersicum esculentum Mill, and Cajanus cajan L. Similarly, .S*. litura 
larvae were significantly more susceptible to this fungus when reared on 
Brassica oleracea varieties (62.00%) and Ricinus communis L. (62.00%)), and 
least susceptible when reared on Arachis hypogea L. (54.29%)). Whereas, S. 
obliqua were more susceptible to this fungus when reared on Brassica 
oleracea var. capitata L. (80.00%)) and least susceptible when reared on R. 
communis (54.00%). LT50 values varied from 87.79 to 131.34 hr, 140.49 to 
158.50 hr and 112.70 to 152.73 hr for H. armigera, S. litura and S. obliqua 
respectively when reared on different host plants. 
6. Studies pertaining to the effect of temperature on susceptibility of H. 
armigera, S. litura and S. obliqua clearly indicate that larval mortality due to 
infection of 5. bassiana in all three species of insects was found to depend on 
temperature. However, 25 '^ C was considered as optimum temperature for all 
three species for the infectivity of BB10 isolate of B. bassiana. Lowest LT50 
values (134.39, 149.67 and 122.33 hr) and highest mortality (83.33, 65.00 and 
66.66V0) were recorded in H. armigera, S. litura and S. obliqua respectively. 
7. Studies pertaining to the compatibility of BBIO isolate of B. bassiana with 
pesticides and bioagents revealed that, all the pesticides affected the radial 
growth of this isolate significantly as compared to the control at three tested 
concentrations. Poison plate method was adopted for this test. In most of the 
cases pesticides had inhibitive effect and can be regarded as fungistatic. 
Results also indicate that fungicide as a group affected the growth of B. 
bassiana the most, followed by insecticides and pesticides of plant origin. 
Among the fungicides, carbendazim totally inhibited the radial growth at all 
the concentrations up to 12'^  day of observation. Other fungicides, which 
strongly inhibited the mean radial growth, were benomyl, zineb, tricyclazole, 
thiophanate methyl, mancozeb, thiram and dodine (90.14 to 95.86% 
reduction). Sulphur affected the growth least (38.21%). Among the 
insecticides, organophosphates were more harmful to the radial growth of this 
isolate (60.00 to 94.64%) reduction), synthetic pyrethroids were comparatively 
less inhibitory, while diamethoate caused least reduction (32.37%)). 
Results of evaluation of neem based pesticides revealed that these 
pesticides are comparatively safer for this fungal bioagent. Neemark affected 
the radial growth to minimum (4.89%) while Neemguard affected the growth 
maximum (52.14%) in case of BBIO isolate. 
The findings of these studies also indicated, towards variable 
susceptibility of different insect predators to the infection of BBIO isolate of 
B. bassiana. Among test species, Brumoides suturalis Fab was not found 
susceptible, Episyrphus sp. was least susceptible (5% infection), while 
Coccinella spp. and Menochilus sexmaculatus Fab. were moderately 
susceptible (40% infection) at the conidial concentration of 1 x 10^ conidia ml" 
'. The effect was however, more pronounced at higher concentrations. On the 
basis of these results, B. suturalis and Episyrphus sp. may be considered as 
compatible with B. bassiana for use in IPM. 
8. Studies pertaining to screening of hosts ofB. bassiana revealed that out of 24 
insect pests evaluated, 22 were found susceptible to BBIO isolate. Mortality 
due to infection of this isolate varied from 33.33 to 100.00 per cent and LT50 
values varied from 90.16 to 263.67 hr for different species at conidial 
concentration of 0.5 xlO' conidia ml"'. This isolate was however, found highly 
virulent to the larvae of Dacus sp., Eutectona machaeralis Walker, H. 
armigera, Hypsipyla robusta Moore, Leucinodes orbonalis Guinee, Orthaga 
euadrusalis Walker, Plutella xyllostella Cur. and S. obliqua. This finding 
shows that the BBIO isolate of B. bassiana has wide host range and may be 
considered for IPM of the above-mentioned insect pests. 
9. Studies pertaining to screening of different substrates for mass multiplication 
of BBIO isolate of 5. bassiana revealed that sorghum, rice and maize allowed 
significantly more sporulation (42.60 to 43.60 x 10'' conidia gm"'). Among 
various byproducts/ wastes, significantly higher conidial yield (42,04 x 10^ 
conidia gm") was noticed in rice-husk supplemented with one per cent 
glucose and one per cent yeast extract. Saw dust and rice bran alone did not 
favour growth. 
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CHAPTER -1 
INTRODUCTION 
In the last four decades, wide spread use of pesticides and fertilizers 
has helped growers to meet the demand for large quantity and variety of 
vegetables and relatively inexpensive and attractive vegetable products. India 
is second largest producer of vegetables in the world, next to China. 
Production of vegetables in India in 1997 was 72832 X 1000 MT against 
world production of 595565 X 1000 MT (FAO Year Book, 1997). 
Vegetables are grown in about 56.29 lakh hectares forming 3 per cent of the 
total cropped area in the country (Indian Horticulture data base, 1999, 
National Horticulture Board). 
As a result of monoculturing and large-scale cultivation of high 
yielding hybrids and varieties, the population of pests have been found 
increasing and some times the minor pests also assume the status of major 
pests. Emergence of tomato fruit borer, Helicoverpa armigera Hub. and 
tobacco caterpillar, Spodoptera litura Fab. as a foremost pests of national 
importance are such examples. These are polyphagous pests causing damage 
to a variety of crops including important vegetables. The pest problems on 
vegetables can be more serious because of the favourable conditions, which 
are provided for pest multiplication as a result of present methods of 
cultivation (including intensive cultivation, multiple cropping systems, dense 
planting, application of fertilizers and pesticides etc.). 
In India, crop losses due to all pests range from 10-30 per cent 
(Anonymous, 1998; Upadhyay et al, 1998) depending upon the type of crops 
and the environmental conditions. Complete crop failures may occur in case 
of serious attack and vegetables are no exception to this. Annual crop loss 
due to all pests in India was estimated at Rs. 6,000 crores in 1973-74 which 
at today's price may exceed 20,000 crores or more. Insect-pests cause about 
20 per cent of these losses (Lai, 1996). 
In India, pest control for vegetable crops is still largely dependent on 
the use of synthetic chemicals and more than 70 per cent of pesticides used in 
the country, are insecticides. There has been a steep growth in pesticide 
usage in the country and the estimated demand for pesticide has risen to 
75,000 MT in 1991. There after declining trend was noticed in pesticide 
consumption. In 1996-97 pesticide consumption was 56110 MT in our 
country (Singhal, 1999). India stands seventh in pesticide consumption in the 
world market. Among pesticide, insecticides occupy the largest share of 
52.54 per cent of the total consumption as recorded for the year 1997-98. 
Vegetables alone account for nearly 9 per cent of the market share of 
pesticides (Singhal, 1999). Pesticides use had a positive and dramatic impact 
on agricultural production of crops including vegetables, against insect pests 
and diseases. But indiscriminate and overuse of pesticides have led to a 
number of pest problems (insect pest resistance, secondary pest outbreaks, 
pest resurgence etc.). Besides, pesticides cause adverse effects on non-target 
organisms and leave toxic residues, hazardous to human being, animals and 
environment. During this century there has been an almost 100 per cent 
increase in the number of insects and mites due to indiscriminate use of 
pesticides. In an assessment of out break of H. armigera and S. litura during 
1987 and 1997 in Andhra Pradesh, alarming reduction in population of 
natural enemies of these pests was reported (Singh, 1999). Out of the larvae 
collected by the author, none yielded any parasitoid though as many as 77 
have been recorded earlier. Only two entomoflingal pathogens {Nomuraea 
rileyi Samson and Beauveria bassiana (Bals.) Vuill.) could withstand 
pesticide onslaught, were recorded on both these pests. 
Similarly a number of major insect-pests of vegetable crops have 
developed resistance to recommended dosages of several pesticides, i.e. H. 
armigera on several crops; S. litura on groundnut and several other crops; 
diamond back moth, Plutella xyllostella L. on crucifers, mustard aphid, 
Lipaphis erysimi Kalt.; leaf miner, Liriomyza trifolii Burges on tomato and 
several other hosts. 
Many farmers apply pesticides in a routine manner and in large 
quantities when there is no need to do so. This is particularly true with the 
vegetables. Sometimes, farmers use pesticides just before harvesting the 
vegetables, even dipping them in pesticide solutions under the false 
impression that it will retain its freshness for longer time and be more 
attractive against its market value. Such indiscriminate use of pesticides can 
be considered as one of the most hazardous operations, which pose threat to 
our living environment. Miss Rachel Carson's book, ("Silent Spring", 1962) 
on the catastrophic consequences of use of pesticides created a furore and an 
active campaign was started against the use of synthetic organic pesticides at 
global level in the years to come. As a result, many persistent and toxic 
chemicals were banned and concept of integrated pest management (IPM) 
was developed as the practical approach towards solving the insect pest 
problems at global level. The Government of India has adopted IPM as a 
major thrust area and main plan of crop protection programme during the 
Eighth Plan including vegetables (India, 1995). During the Eighth Plan, an 
amount of 45 crores have been yearmarked for IPM which includes 15 crores 
for the establishment of biocontrol laboratories. 
Pesticide residues on vegetables were major health issues facing the 
vegetable industry in the 1990s. Residues of DDT and BHC has been found 
in vegetables including cabbage, cauliflower, cowpea, spinach, okra, brinjal 
etc. (Lai, 1996). This is why strategy for insect control has to be different in 
vegetable crops as compared from other crops because of nature of utilization 
of this commodity. In recent years, vegetable growers have seen an 
increasing number of pesticides removed from the market with no 
replacement. There is substantial reduction in pesticide consumption, which 
declined from 75033 MT (1990-91) to 56110 MT (1996-97) (Singhal, 1999). 
Further reduction in pesticide consumption is anticipated in the coming years 
(Upadhyay et al., 1998). However, today, public and government concern 
about food and environmental safety are changing pesticide and fertilizer 
usage in vegetable production. 
The concern for environmental safety and health risks have stimulated 
efforts to develop biological control agents as alternatives or supplements to 
these chemicals and as a key components of IPM of crop pests. As a result, 
there is growing interest in the development of biopesticides of which 
microbial pesticides are an important component. They are more 
environment friendly alternatives to chemical pesticides. The best known 
examples of biopesticides being used for control of pests of cotton, maize, 
tomatoes etc., the world over, are Bacillus thuringiensis (Berliner), B. 
bassiana and Metarhizium anisopliae (Metch.) Sorok.etc. Although at 
present, this group of biopesticides represent only a small fraction of world 
pesticide market. The biopesticide share of the market was estimated to be 
around 380 million in 1995, representing only 1.3 per cent of the total world 
pesticide market (Menn, 1997). Since the majority of biopesticides are 
currently marketed for insect control, biopesticides represent approximately 
4.5 per cent of the world insecticide sale. However, the growth rate for 
biopesticides over the next 10 years has been forecast at 10-15 per cent per 
annum in contrast to 2 per cent for chemical pesticides (Menn and Hall, 
1998). 
Recently, entomopathogenic fungi (mycoinsecticides) are gaining 
increased attention as eco-friendly insect control agents. Although, over 750 
species were reported to infect insects, only few have received, serious 
consideration as potential commercial candidates (Merm and Hall, 1998). 
Technological advances in production, formulation and shelf life have 
contributed substantially to the viability of mycoinsecticides as practical 
insect management agents that can compete economically with chemical 
insecticides in certain situations, such as fruit, vegetable and specialty crops. 
The important insect pathogenic fungi belonging to the genera 
Aspergillus, Beauveria, Entomophthora, Hirsutella, Isaria, Metarhyzium, 
Paecilomyces, Spicaria, VerticilUum provided effective pest suppression 
(Roberts and Yendol, 1971; Surges, 1981; McCoy et al, 1988; Perron et al., 
1991). Some of these fungi (B. bassiana, B. brongniartii (Saccardo) Fetch, 
M anisopliae, M. flavoviridae Gams and Rozsypal, P. farinosus Brown and 
Smith, V. lecani Zimm., etc.) have been produced on mass scale and 
developed in to commercial formulations. These are being used successfully 
for control of some of the serious pests of agriculture and forestry in 
countries like USA, USSR, Canada, Japan, China and Brazil etc. (Steinhaus, 
1963; Burges and Hussey, 1971; Perron, 1978; Burges, 1981; Gillespie and 
Claydon, 1989; Peng et al, 1994; Wraight and Carruthers, 1998). In India, 
comparatively less work has been carried out. Different species of fungi have 
been reported on a large number of insect pests (Narsimhan, 1970; 
Ramakrishnan and Kumar, 1977). But very few studies have been carried out 
for practical utilization of these fungi in insect pest control (Easwaramoorthy 
and Jayaraj, 1977; Rajak et al, 1993; Puzari et al, 1994, 1998). Pungi have 
advantage over other pathogens in the sense that unlike bacterial, viral or 
protozoans, entomopathogenic fungi need not to be consumed by the hosts to 
be infective. Instead germinating fungal spores are able to grow directly 
through the insect cuticle. Some of these fungi can be grown on cheap 
artificial media and this affords a good means of employing them for 
biological control. 
B. bassiana the white muscardine fungus is widely regarded as one of 
the most promising species known for potential development into practical 
insect biocontrol agent. It is a well known entomopathogen of Coleoptera, 
Hemiptera and Lepidoptera having wide host range and distribution (Bell, 
1974; Surges, 1981; Houle et ai, 1987; Maniania, 1992; Stimac et al., 1993; 
Leathers and Gupta, 1993; Feng et al., 1994). 
This fungus was recorded long back in silkworm (Bassi, 1835). 
Although mycoses caused by the fungus, Beauveria spp. and Metarhizium 
spp. have been studied for about a century, it is principally during the last 25 
years or so that special attention has been focused to develop them in new 
methods of biological control of insects. For many years, they have been 
given secondary importance because of failures of some early attempts. In 
1950s, East European countries started investigations with B. bassiana, as 
part of general strategy to control the Colorado potato beetle (CPB), 
Leptinotarsa decemlineata Say. In the past few years, this entomopathogenic 
fungus has been extensively studied and used for control of many important 
pests of various crops around the world. The tested target pests included the 
CPB, L. decemlineata on potatoes in USA and USSR (Campbell et al, 1985; 
Hajek et al, 1987; Anderson et al, 1988), pests of rice in Philippines 
(Rombach et al, 1986a), Nilapervata lugens (Stal.) on rice in Korea 
(Rombach et al, 1986b; Aguda et al, 1987), green house white fly, 
Trialeurodes vaporariorum Westwood on greenhouse crops in Syria (Trefi, 
1984) and the sugarcane borer, Diatraea saccharalis F. (Lecuona and Alves, 
19%%; Diaz and Lecuona, 1995; Lecuona et al., 1996) are the few examples. 
In India, B. bassiana has been recorded on large number of insect pests 
of various crops (Rao, 1975; Ramakrishnan and Kumar, 1977; Nayak and 
Srivastava, 1979; Jayaramaiah and Veeresh, 1983; Agarwal and Rajak, 1985; 
Prasad et al., 1989, 1990; Easwaramoorthy and Santhalakshmi, 1993; Khan 
et al., 1993; Masarrat Haseeb and Srivastava, 1996; Puzari et al., 1998). But 
only scattered information is available on various aspects of this 
entomopathogen. So far, no systematic and detailed work has been done to 
fmd out the scope of utilizing B. bassiana in IPM strategies for vegetable 
crops in our country. 
B. bassiana is known to have wide host range as mentioned above. But 
strains can differ in their specificity virulence, production patterns and other 
characteristics (Prasad et al., 1989, 1990; Maniania, 1992; Leathers and 
Gupta, 1993; Fuentes and Carballo, 1995; Lecuona et al, 1996; Selman et 
al., 1997; Areas et al., 1999). Several strains of B. bassiana have been 
identified on the basis of assessment of different virulence factors. The target 
insect as well may vary in their susceptibility, depending not only on age and 
instar, but also population density and geographical origin. It is, therefore, 
important to search for the best host pathogen combination (Keller, 1992). 
After selection of strain, the next step is the evaluation of the selected 
strain for age-specific-dose-mortality relationship. These studies have been 
conducted for a number of important insect pests i.e. H. armigera (Prasad et 
al, 1990; Sandhu et al, 1993), S. litura (Prasad et al, 1989; Jayanthi and 
Padmavathamma, 1996), Ostrinia nubilalis Hub. (Feng et al, 1985), L. 
decemlineata (Fargues et al, 1991) Phthorimaea operculella Zeller (Hafez et 
al, 1997) and a number of other pests. It is also important to select isolates 
that grow rapidly at ambient temperatures occurring after spore application 
(Gillespie and Claydon, 1989). 
Pathogenesis in B. bassiana involves both mechanical and biochemical 
means (Hajek and St. Leger, 1994). Production of enzymes helps in 
penetration of cuticle of insects (St. Leger et al, 1986). Production of toxic 
elements (toxins) is considered to be an important aspect of pathogenicity of 
B. bassiana. Beauvericin and other toxins have been identified in this fiingus 
(Roberts, 1981). Degeneration of tissues due to fungal growth and nutrient 
exhaustion are other reasons for diseased condition of host insect, as 
evidenced by histopathological studies (Wasti and Hartmann, 1975; Cheung 
and Grula, 1982). 
Vegetable crops are susceptible to many plant pathogens and disease 
out-break often elicit heavy usage of fungicides. Under these circumstances, 
there is potential for negative interaction between these disease-control 
agents and beneficial fungi applied for insect control. It is, therefore, 
necessary to conduct study on the compatibility of chosen strain with other 
agrochemicals of common use. Results of many studies on this aspect have 
indicated that the pesticides have deleterious effects on B. bassiana but not 
all classes of chemicals are antagonistic. Benomyl, zineb, mancozeb were the 
most inhibitory fungicides against this species while sulphur, dinocap and 
daconil were compatible as reported by Jaques and Morris (1981), Bajan et 
al. (1995), Rivera and Bustillo (1996). However, studies conducted by 
Wraight and Carruthers (1998) at the University of Maine indicated no 
significant reduction in B. bassiana activity against CPB when kocide, 
mancozeb and bravo were applied 24-72 hr after mycotrol. These results 
suggest that B. bassiana will be compatible with many fungicides under field 
conditions, if treatments can be applied asynchronously. Like-wise, 
insecticides detrimental to this entomopathogenic fiingus can not tankmixed 
i.e. endosulfan, can be applied separately. Combined application of B. 
bassiana with sub-lethal doses of insecticides and other pesticides have also 
proved synergistic (Bajan et ah, 1995; Rivera and Bustillo, 1996; Wright and 
Kennedy, 1996; Lee Sang Myeong et al., 1996; Quintela and McCoy, 1997; 
Wraight and Carruthers, 1998). 
Once suitable isolate has been selected with respect to virulence and 
growth, consideration must be given to production - an excellent pathogen is 
of little commercial use if it can not be produced readily. B. bassiana has 
been produced on mass-scale by solid state fermentation or in submerged 
culture or combination of both (Surges, 1981). Mass production of B. 
bassiana using surface culture has been in progress for many years in the 
USSR and China. Various natural substrates such as potatoes, sugarbeet, 
grain etc. have been used for conidial production. Boverin, Boverol, 
Boverosil were produced for commercial use (Ferron, 1981; Aregger, 1992). 
Greater production efficiencies have been achieved with this entomogenous 
fungus (Feng et al, 1994; Wraight and Carruthers, 1998). Fully automated, 
commercial scale production of aerial conidia of this pathogen in the west 
has been most aggressively pursued by private industries. As a result, 
products like Mycotrol, Botani Gard, Naturalis-L have been developed. 
Naturalis-L is more recent addition and this strain has been found very 
effective in field evaluation of important pests (Wright and Knauf, 1994; 
Wright and Kannedy, 1996). Recently Wraight and Carruthers (1998) have 
extensively reviewed the progress in research with respect to development of 
formulation, product stabilization and application of fungi including B. 
bassiana. 
The advances made in development ofB. bassiana as mycoinsecticide 
has brought it on to the doors of commercial success. The work on genetic 
and physiological engineering has been initiated and have already shown 
promise to increase speed of kill (St. Leger et al, 1996). Studies on selection 
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of strain and compatibility of tiiis entomopathogen with low doses of 
pesticides and other methods of control indicate considerable potential for 
integrated pest control (Rivera and Bustillo, 1996). Aspects like selection and 
development of strains for high virulence, higher growth potential and 
resistance to pesticides, need further investigation. Besides, search for 
cheaper substrate with growth potential for mass multiplication is also 
required from economic point of view for use in a developing country like 
India. 
These collective studies advance our knowledge of fungal disease in 
general and B. bassiana in particular, and the findings will also be useful in 
further developing our ability to use this fungus in insect pest control. 
Keeping in view the above facts, the present studies on entomogenous 
fungus, B. bassiana was undertaken for the control of pests of vegetable 
crops. For detailed studies three major pests of vegetable crops such as gram 
pod borer, H. armigera; tobacco caterpillar, S litura and Bihar hairy 
caterpillar, S. obliqua were selected. These are polyphagous pests of national 
importance. Being polyphagous in nature, they cause economic damage to a 
number of crops. H. armigera and S. litura have gained more importance as 
they have developed resistance to recommended dosages of many pesticides 
(Lai, 1996; Singh, 1999). 
H. armigera is widely distributed in the tropics, subtropics and warmer 
temperate regions of the world. It has been recorded feeding on about 181 
plant species belonging to 45 families, 40 dicots and 5 monocots (Manjunath 
et al, 1989). It is in the recent past, this pest has assumed the status of 
serious pest in India. It is the most serious pest on tomato accounting for a 
yield loss ranging from 20-50 per cent (Mohan et al, 1996). Its main host is 
gram but it attacks castor, cotton, citrus, hemp, cowpea, groundnut, pulses. 
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okra, safflower, tobacco, peas etc. There can be 5-8 generations in a year 
depending upon environmental conditions and availability of hosts. Mainly 
chemical pesticides are used for controlling this pest. However, insecticides 
have failed to provide satisfactory control of H. armigera possibly due to 
rapid development of resistance to insecticides. Application of microbial 
control agents i.e. B. thuringiensis and nuclear polyhedrosis virus have 
proved very effective against this pest in field conditions (Jayaraj, 1986). B. 
bassiana has proved highly pathogenic in laboratory studies (Prasad et al., 
1990; Sandhu era/., 1993). 
S. litura popularly known as tobacco caterpillar is widely distributed in 
the old world tropics. It is a major pest of tobacco and tomato but it attacks 
banana, citrus, cauliflower, cabbage, colocasia, cowpea, gram, castor, cotton, 
hemp, maize, millets, mulberry, okra, peas, rice, sorghum, yam etc. In recent 
years, this pest has emerged as a dominant polyphagous pest (Rao and 
Dhingra, 1996). Chemical insecticide has been the main method of control in 
this case also. Nuclear polyhedrosis virus and B.t. are also found to give 
effective control of this pest on cotton, tobacco, black gram and cole crops 
(Jayaraj, 1986). Entomogenous fungal species of Aspergillus, Beauveria, 
Metarhizium and Nomuraea have been reported on this pest on several crops 
in India. Recently B. bassiana has also been tested against this pest and 
found very effective as revealed by laboratory studies (Prasad et al., 1989). 
S. obliqua is widely distributed insect species in North India. It has 
attained serious proportions in tarai tract of Nainital and adjoining areas of 
Uttar Pradesh. In the recent past, this pest popularly known as Kamla 
destroyed crops worth crores of rupees in more than 100,000 hectares in 
Badaun district of U. P. (Hindustan Times, Oct. 25, 1983). Vevai (1969) 
studied the distribution and incidence of a hairy caterpillar on cabbage. It has 
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wide host range feeding on variety of food plants. Deshmukh et al (1977) 
studied the host range of this pest. Varying degree of preference was 
observed on 75 plant species as compared to Glycine max Merr., besides 
recording 36 additional plant species as host of this insect. This species is 
major pest of pulses soybean, cabbage, cauliflower and other vegetables. The 
insect remains active throughout the year and migrates from crop to crop and 
weed to weed. Duration of lifecycle may vary, depending upon the climatic 
conditions. There may exist 6-8 generations in a year. The microbial control 
agents recorded on this insect are entomogenous fungus Entomophthora sp. 
and viruses (Ramakrishnan and Kumar, 1977). Recently Pandit and Samanta 
(1994) evaluated B. bassiana against this pest and reported 74-78 per cent 
mortality in the treated larvae. 
However, no detailed studies have been conducted so far to explore the 
potential of 5. bassiana in IPM of insect pests in vegetable crops. Therefore, 
studies were conducted on various aspects of this entomopathogen to explore 
the possibilities of using it in IPM of some of the important insect pests of 
vegetable crops. The present work was undertaken with the following 
objectives: 
1. To evaluate and characterize different isolates of B. bassiana on the 
basis of their pathogenic potential to the test insects {Helicoverpa 
armigera, Spodoptera litura and Spilosoma obliqua). 
2. To evaluate and characterize different isolates of B. bassiana on the 
basis of physiological and morphological parameters: 
(i) Effect of different synthetic nutrient media, pH and temperature 
on the growth of ^ . bassiana. 
(ii) Study of morphological characters of 5. bassiana. 
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3. To study the histopathology of H. armigera, S. litura and iS. obliqua 
infected with B. bassiana. 
4. To determine susceptibility of different larval instars of//, armigera, S. 
litura and S. obliqua to B. bassiana at different inoculum levels. 
5. To study the influence of different host plants on the susceptibility of// 
armigera, S. litura and S. obliqua to B. bassiana. 
6. To determine the effect of different temperature on the susceptibility of 
//. armigera, S. litura and S. obliqua to B. bassiana. 
7. To study the compatibility of 5. bassiana with pesticides and bioagents: 
(i) Effect of pesticides on radial growth of 5. bassiana. 
(ii) Effect of 5. bassiana on some insect predators. 
8. To study the host range ofB. bassiana. 
9. To screen different substrates for mass multiplication ofB. bassiana. 
CHAPTER - II 
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REVIEW OF LITERATURE 
The relationship that exists between entomogenous microorganisms on. 
the one hand and the insect pests on the other was variable and provided 
interesting and promising problems with genuine significance of economic 
importance. One of the most important aspects of this natural relationship had 
been the biological control of insect pests affecting field crops and other plant 
products in storage. Among the microorganisms i.e. fiingi, bacteria and 
viruses, fungi form major group as bioagents of insect pests. These fungi 
range from species that possess a high degree of parasitism to those which are 
little more than saprophytes. The highly parasitic species appear to be 
important in bringing a certain degree of natural control, which may under 
favourable and special situations amount to commercial control (Fawcett, 
1944). 
Entomogenous fungi most commonly used for microbial control are, 
Beauveria spp., Coelomyces spp., Entomophthora spp., Metarhizium spp., 
Paecilomyces spp. and Spicaria spp. (Roberts and Yendol, 1971). The 
important reviews on the subject are those of, MuUer- Kogler (1965), Madelin 
(1966, 1968), Perron (1967a, 1978), Narsimhan (1970), Roberts and Yend 
(1971), Ramakrishnan and Kumar (1977), Burges (1981), McCoy et al. 
(1988), Samson et al. (1988), Perron et al. (1991), Glare and Milner (1991), 
Tanada and Kaya (1993), Hajek and St Leger (1994), Wraight and Carruthers 
(1998). 
Among the entomogenous fungi, white muscardine fungus {B. 
bassiana) is the most widely prevalent species. It has worldwide distribution, 
parasitising many insect species and regarded as an important fungal agent for 
insect pest control (Perron, 1978, 1981; Hall and Papierok, 1982; McCoy et 
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al., 1988; Feng et al, 1994; Hajek and St. Leger, 1994; Menn and Hall, 1998; 
Wraight and Carruthers, 1998). The history of 5. bassiana induced diseases, 
traces back with the report of diseased condition of silkworm, Bombyx mori 
L. The ancient Chinese manufacturers were affected by fungus attack upon 
the silkworm. The relationship between insect and fungi firmly established 
towards the beginning of 19* century in 1826 through the work of Kirby and 
Spence. Later, Bassi (1835) described the fungus of silkworm as B. bassiana 
which was commonly known as white muscardine. France and Italy suffered 
heavy losses of silkworm because of the disease caused by B. bassiana. 
During 1925 silk production in Italy, suffered losses of approximately 11 
million pounds of cocoons annually (Bell, 1974). Later in United States, 
Shimer (1867) noticed white fungus on chinch bug {Blissus leucopterus 
leucopterus Say.), which was later identified as B. globulifera Speg. Forbes 
(1887) also observed ^he white fungus on chinch bug in Illinois and soon 
thereafter, the fungus was reported in Iowa, Kansas, Ohio and Minnesota. 
This entomopathogenic fungus was the most worked out. B. globulifera Speg 
recorded on this pest earlier by Shimer was later confirmed as a strain of B. 
bassiana by MacLeod (1954b). 
At the end of 19* century and later on in the middle of 20* century, this 
microbial agent was evaluated in laboratory and in field trials against 
important crop pests with varying degree of success in various countries. 
Some of the early trials of historical importance were targeted against the 
major pests, i.e. B. leucopterus and Colorado beetle, Leptinotarsa 
decemlineata Say (Lugger, 1888; Snow, 1890, 1895; Steinhaus, 1963; 
Roberts and Yendol, 1971). It had been studied more than a century and was 
soon identified as the most potential entomopathogen to be used as bio-
control agent. Research related with the use of commercial preparation of 
Boverin was started some 30-40 years ago in Russia against L. decemlineata. 
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Later on this product was also used against codling moth, Cydia 
{Carpocapsa) pomonella L. (Sikura, 1974; Drozda and Lappa, 1974). Use of 
Boverin resulted in satisfactory control of this pest (Bajan et al., 1975a; 
Fargues, 1975). 
The studies were also carried out, on the susceptibility to muscardine 
of several orchard pests (Lepidoptera) e.g. Carpocapsa sp., C (Laspeyresia) 
funebrana Treits, Zeuzera pyrina L. (Sikura et al., 1974); on the physiological 
alterations in adults surviving infection (Sikura and Gritsaenko, 1973; Lappa 
and Goral, 1975) and on influence of climatic conditions on treatment 
efficiency (Lappa and Goral, 1975). B. bassiana infection was reported on a 
number of species of insect pests belonging to almost all the major orders 
throughout the world. But B. bassiana mycoses were common with certain 
taxonomic group, e.g. Coleoptera, Diptera, Hemiptera, Lepidoptera etc. 
(Roberts and Yendol, 1971; Cantwell, 1974; Burges, 1981). The major tested 
target pests include green house white fly, Trialeurodes vaporariorum 
Westwood on green house crops in Syria (Trefi, 1984); L. decemlineata on 
potatoes in United States (Campbell et al, 1985; Hajek et al, 1987; Anderson 
et al, 1988); Scotinophora coarctata F on rice in Philippines (Rombach et 
al, 1986a); Nilaparvata lugens Stal on rice in Korea (Rombach et al, 1986b; 
Aguda et al, 1987); pests of potato and apple (Tverdyukov et al, 1993); pests 
of cotton (Wright and Knauf, 1994); green house pests (Wright and Kennedy, 
1996); sugarcane pests (Lecuona et al, 1996); stored grain pests (Bichoff and 
Reichmuth, 1997). These are some of the examples of pest control using B. 
bassiana as bioagent. That is why this entomopathogen is widely regarded as 
one of the most promising species known for potential development in to a 
practical insect biocontrol agent. 
In India, B. bassiana has been recorded on large number of insect pests 
of various crops (Rao, 1975; Ramakrishnan and Kumar, 1977; Nayak and 
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Srivastava, 1979; Jayaramaiah and Veeresh, 1983; Agarwal and Rajak, 1985; 
Prasad et al, 1989, 1990; Easwaramoorthy and Santhalakshmi, 1993; Khan et 
al, 1993; Masarrat Haseeb and Srivastava, 1996; Puzari et al, 1998). But 
only scattered information is available on various aspects of this 
entomopathogen. So far, no systematic and detailed work has been done to 
find out the scope of utihzing B. bassiana in IPM strategies for vegetable 
crops in our country. 
B. bassiana (Bals.) Vuill [Syn. B. tenella (Sacc.) MacLeod; B. densa 
(Link, per Pers.) Vuill; B. globullifera (Speg.) Pic B. effusa (Beauv.) Vuill 
atd.)] has been described in detail by Fassatiova et al. (1983). The genus 
Beauveria has been thoroughly studied by MacLeod (1954b), who concluded 
that 14 species had been named which were characteristic of the genus but 
that only two were tenable. Sympodial development is the characteristic of 
the genus. Conidiogenous cells are with a swollen basal part terminating in a 
zigzag rachis. B. bassiana species is parasitic to insect and has globose to sub-
globose conidia (2.3 x 2.0-2.5 |im). Conidiogenous structures form dense 
clusters which is the characteristic of the species (Samson, 1981). 
Fungi have unique mode of infection. Unlike bacterial, viral or 
protozoans, entomogenous fungi need not be consumed by their hosts in order 
to be infective, instead, germinating fungal spores are able to grow directly 
through the insect's cuticle. Infection, therefore, results from contact between 
a virulent infectious inoculum and a susceptible insect cuticle, germination, 
penetration of the germ tubes through the integument and finally spread of the 
pathogen through the haemocoel and the host tissues (Ferron, 1981). The 
exact site of infection depends on the fungus, the insect, the conditions, and 
the opportunity. The four main routes of infection are: through outer 
integument, digestive tract, tracheae and wounds. In case of B. bassiana, 
infecfion through all the above routes has been observed histologically 
(Madelin, 1963). But main and common route of infection is through the 
integument. The spore is germinated on the surface of cuticle. Penetration of 
hyphae through the cuticle involves both mechanical and enzymatic factors. 
St. Leger et al. (1986) has reported that there is involvement of cuticle 
degrading enzyme of entomopathogenic fungi during penetration of cuticle 
and the cuticular chain is degraded by chitinase and proteinase enzymes. 
Level of chitinolytic activity varied during the development of different 
entomopathogenic fungi. Undoubtedly, many enzymes are important 
determinants of virulence because they enable the pathogen to coexist with 
the changing metabolic processes associated with the host's diseased state 
(Hajek and St. Leger, 1994). 
Once fungi invade the haemocoel, the host may be killed by some 
combination of mechanical damage produced by fungal growth, nutrient 
exhaustion, and toxicosis (Gillespie and Claydon, 1989). The relative 
importance of these mechanisms varies with the specific fungal isolate or 
host. B. bassiana is one of the fungi, which produce toxins. These include 
cyclic depsipeptides beauvericin, cyclotetradepsipeptides beauverolides and 
cyclodepsipeptide bassianolides (Roberts, 1981). The production of toxins by 
the fungi may be correlated with toxicosis and differential virulence of 
isolates against insects. After the death of the host, the fungus grows 
saprophytically through all tissues in competition with the intestinal bacterial 
flora. Oosporein, a red antibiotic pigment is also produced by B. bassiana 
which gives colour to the cadaver and curbs bacteria. The fungus grows 
outside the integument and produces conidophores when the atmosphere is 
humid (Ferron, 1977). The mode of action and process of disease 
development in entomogenous fungi are summarized below: 
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Dispersal (spores land on cuticle) 
I 
Germination 
Appresorium formation 
I 
Penetration of cuticle 
Proliferation with in the cuticle 
I 
Invasion of epidermis and hypodermis 
/ \ 
Tissue invasion Proliferation of hyphal bodies 
by hyphae or yeast like cells in haemolymph 
\ / 
Insect death 
Saprophytic growth 
/ \ 
Asexual dispersal of spores Asexual or sexual resting stage 
2.1. Evaluation and characterization of different isolates of B. 
bassiana on the basis of their pathogenic potential to the 
test insects {Helicoverpa armigera, Spodoptera litura and 
Spilosoma obliqua): 
Different isolates of fungi may differ in their pathogenicity to an 
insect species indicating strain differences. According to Bell (1974), 
differences might be expected to result from one or more of these 
reasons: (i) The different fungus strains/isolates may have been 
collected from preferred or secondary hosts, (ii) The different culture 
media or storage methods may affect virulence, (iii) Optimum 
environmental factors for each strain are probably different, (iv) Length 
of time the fungus strain was maintained on an artificial medium. 
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There are reports showing that how virulence of an insect may be 
increased up to a certain level by repeated passage through a preferred 
host, or decreased through secondary host or by artificial culture 
methods (Steinhaus, 1963). Steinhaus (1960a) also found that longevity 
of spores was different for the three strains he tested. Similarly, the 
temperature requirements for different strains/isolates of fungi were 
found different (Illicheva, 1976; Sosa Gomez and Alves, 1985; 
Kleespies and Zimmermann, 1992; Fargues et. al., 1992), 
Several strains and isolates of B. bassiana have been recognized 
from diverse sources including different species of host insects, 
collection from different geographical regions, single spore isolation 
and mutant strains derived from genetic manipulation. Comparative 
studies have been done on virulence of different strains/isolates of B. 
bassiana towards a number of insect species belonging to various 
orders and pests of agricultural and forestry importance, the world over, 
so as to select the best possible isolates for control of important pests. 
Some of the important research findings on this aspect are mentioned 
here. Among the lepidopterous pests, Xu et al. (1986) tested tv/o strains 
of B. bassiana against Ostrinia furnacalis Gn in field experiments in 
China and found strain 147 more effective than strain 9, in bringing 
down the pest population. In laboratory studies in India, Prasad et al. 
(1989,1990) evaluated the virulence of three different isolates of B. 
bassiana against larvae of S. litura and H. armigera. The authors found 
B. bassiana (BPT) isolate originally isolated from Baptla, most virulent 
for both the pests having lowest LC50 values (19.98 x 105 and 2.17 x 
105 spores ml"' of suspension respectively). 
Maniania (1991) evaluated different isolates of B. bassiana 
against the egg and neonate larvae of Chilo partellus Swinhoe on the 
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basis of results of the laboratory trials. Maniania (1992) in further 
bioassay tests, evaluated several strains of hyphomycetes fungi against 
2"^^ instar larvae of C. partelus and 5* and 6* instar larvae of Busseola 
fusca Fuller and found B. bassiana isolate ICIPE 4 and M anisopliae 
isolate ICIPE 18 and ICIPE 30, being the most effective. 
Easwaramoorthy and Santhalakshmi (1993) found two isolates of 
B. bassiana equally effective in causing mortality (100%) in 3'' instar 
larvae of sugarcane root borer, Emmalocera depressella Swinhoe at 
concentration of 10 spore ml"'. 
Leathers and Gupta (1993) evaluated five different isolates of 5. 
bassiana against tent caterpillar, Malacosoma americanum F and 
reported that all five isolates at concentration of 4 x 10 spores ml" 
were found able to kill the larvae of this pest. But isolate ARSEF 1775 
and NRRL 20699 were more rapid acting than other isolates, as 
revealed from data on daily mortality. Data on production of cuticle 
degrading enzymes of these isolates revealed that rapidity of insect 
death was not related to the enzyme production in highly virulent 
isolates. 
Fuentes and Carballo (1995) selected five isolates of B. bassiana 
as virulent isolates against Plutella xyllostella L on the basis of 
determination of LC50 values, percentage mortality and sporulation 
capacity. However, LC50 value was minimum (2.2 x 105 conidia ml"') 
for the isolate 447, which was identified as the most effective for 
microbial control of this pest as revealed in laboratory and greenhouse 
studies in Costa Rica. Selman et al (1997) also found a number of 
isolates of B. bassiana significantly pathogenic to the mature larvae of 
P. xyllostella with two isolates causing higher mortality at 20 and 24 °C 
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temperatures. 
Martinez et al. (1995) noticed differential susceptibility of 
Diatraea saccharalis Fab to different isolates of B. bassiana and M 
anisopliae as a result of comparative bioassays. The results also 
demonstrated that eggs of this pest were not susceptible to isolates used 
in this study. Diaz and Lecuona (1995) evaluated the pathogenicity of 
21 isolates of B. bassiana collected from different hosts and localities 
in Argentina and Brazil against D. saccharalis. Results showed that 
isolates originally isolated from this host were virulent against it while 
isolates from other insect species showed no virulence towards the 
larvae ofD. saccharalis. Mortality rates ranged from 50 to 90 per cent, 
with an LT50 of 2.1 to 8.4 days for different isolates. Conidial 
production and isoenzyme patterns were also determined but did not 
show clear relationship with the virulence factor. Lecuona et al. (1996) 
evaluated 31 isolates against the above pest and reported differential 
susceptibility with different isolates irrespective of their hosts and place 
of origin. Areas et al. (1999) noted vast differences in mortality of D. 
saccharalis. One strain gave rise to 82.5 per cent mortality, whereas 
only 21.3 per cent mortality was observed with the other strain. 
Several strains of B. bassiana, M. anisopliae and P. farinosus 
were identified as potential biological control agents of stored grain 
pests, Plodia interpunctella Hub and Ephestia kuehniella Zeller on the 
basis of assessment of different virulence factors (Bischoff and 
Reichmuth, 1997). 
Besides Lepidopterous pests, large number of insect species 
belonging to different orders, have also been evaluated for their 
susceptibility to the different isolates of B. bassiana. The important 
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insect pests tested are, Artipes floridonus (McCoy et al., 1985); sweet 
potato weevil, Cylas formicarius F (Castineiras et al, 1986; Burdeos 
and Villacarlos, 1989); Neochetina eichnorniae Warner (Haag and 
Boucias, 1991); boll weevil, Anthonomus grandis Boheman and pecan 
weevil, Curculio caryae Horn (Harrison et al, 1993); banana weevil. 
Cosmopolites sordidus Germar (Kaaya et al, 1993); Colorado potato 
beetle, L. decemlineata (Miranpuri and Khachatourians, 1995); coffee 
berry borer, Hypothenemus hampei Ferrari and stem borer, 
Monochamus leuconotus Pascoe (Varela and Morales, 1996; Schoeman 
and Schoeman, 1997); pest of Rhus chinensis Mill, Ophrida spectabilis 
(Yang et al, 1997); and stored grain pests, Sitophilus zeamais Motsch, 
S. oryzae L. and Rhyzopertha dominica Fab. (Adane et al, 1996; 
Moino and Alves, 1997) from the order Coleoptera; rice hoppers. A''. 
lugens, Nephotettix sp. and Sogatella furcifera Horvath (Aguda et al, 
1984; Li, 1986); aphid, Diuraphis noxia Mordvilko (Feng and Johnson, 
1990; Vandenberg, 1996); Thrips tabaci Lindermann (Gindin et al, 
1995); Lygus lineolaris Palisot de Beauvois (Steinkraus and Tugwell, 
1997); pentatomid bugs, Plautia stali Scott and rice stem bug, Tibraca 
limbativentris Stal (Tsuda et al, 1997; Martins et al, 1997) from the 
order Homoptera; Odontotermes obesus Ramb and O. wallonensis 
Wasmann (Khan, 1992; Khan et al, 1993) and Captotermes 
formosanus Shiraki and Heterotermes tenuis Hagen 1858 (Jones et al, 
1996 and Almeida et al, 1997) from Isoptera; locusts and grasshoppers 
(Nowierski et al, 1996) from Orthoptera; Delia antiqua Meigen 
(Poprawski et al, 1985) and Liriomyza trifolii Burges and L. sativae 
Blanchard (Bordat et al, 1988) from Diptera; formicids Solenopsis 
invicta Buren and S. saevissima F. R. Smith (Alves et al, 1988) ant, 
Atta sexdens piiventris Santschi, 1919 (Silva and Fleig, 1988) from 
Hymenoptera. 
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Scanning of literature shows that, selection of an optimal strain is 
crucial to successful control of a pest, which depends on the virulence, 
growth characteristics and the adaptability of the candidate organism to 
a production medium, which is economically viable. Virulence of fungi 
to insects is the most important characteristics in selection of candidate 
pathogen for pest control and is assessed by bioassay under 
standardized conditions. It was therefore, thought necessary to first 
evaluate pathogenic potential of different isolates with a view to select 
the most aggressive isolate for its incorporation in IPM of the test 
species. 
2.2. Evaluation and characterization of different isolates of B. 
bassiana on the basis of physiological and morphological 
parameters: 
2.2.1. Effect of different synthetic nutrient media, pH and temperature 
on the growth of B^. bassiana: 
An important factor in the success of microbial control is the 
potential for mass production in the laboratory. Among the parameters 
that influence fungus development and sporulation, the composition of 
the culture medium, temperature, light, pH and humidity are important. 
Effect of different synthetic nutrient media: 
For maintenance of culture in the laboratory and for small-scale 
production for experimental purposes a proper synthetic media is 
required for optimum growth, sporulation and viability of 5. bassiana. 
Significant variation in growth parameters has been noticed with 
respect to different media in different strain/isolates of B. bassiana as 
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revealed from literature. Samsinakova (1966), Bajan and Kmitova 
(1973) and Kmitowa (1978) evaluated the effect of various media on 
growth and sporulation of 5. bassiana and other entomogenous fungi. 
Barnes et al (1975), Campbell et al (1978) and Smith and Grula 
(1981) studied the nutritional requirements for conidial germination 
and hyphal growth of this fungus. Samsinakova et al. (1981) 
determined the optimal requirement of carbon and nitrogen sources. On 
the basis of these observations they developed a simple liquid medium 
which enhanced the production of conidia. Samsinakova and Kalalova 
(1983) also found that the optimization of the culture medium resulted 
in a multiple increase in the virulence of all types of isolates. Galani 
(1983) evaluated the effect of five different natural and synthetic media 
on growth of fungi B. bassiana, P. farinosus and V. lecanii and found 
wide variations on growth of different species on different nutrient 
media. 
Filho et al. (1985) in laboratory studies in Brazil, evaluated 
different culture media for characterization of five isolates of B. 
bassiana pathogenic to cotton weevil, A. grandis. The growth 
parameter studiedj were conidial production and germination. Chase et 
al. (1986) screened different culture media and found oat meal agar 
based medium as | most superior, for isolation of B. bassiana and M 
anisopliae, the mipst commonly used fungi for biological control of 
agricultural pests a|s revealed from the studies conducted in USA. 
Pandit and 55om (1988) screened different synthetic and natural 
media in terms of fjangal mass for maintenance and mass multiplication 
of 5. bassiana strai(i pathogenic to insect pests of jute and mesta. 
Motobayashi|e/ al. (1988) determined the optimal nutritional 
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composition of medium, the carbon and nitrogen sources and 
coagulating agent for optimum production of conidia of B. bassiana 
isolate from the pine sawyer, Monochamus alternatus Hope. Sorbitol 
(1.2%) was found most effective carbon source while (0.8% dry milled 
pupae) alongwith peptone (1%) was found most effective source of 
nitrogen. 
Gafurova (1988) established the correlation between 
morphological-cultural properties and the level of accumulation of 
biomass in strains of Aspergillus, Beauveria, Verticillium and Mucar 
isolated from insect pests of fruit crops in laboratory studies in USSR. 
Rombach et al (1988) and Rombach (1989) evaluated several 
simple liquid media with different concentrations of carbon and 
nitrogen sources. Optimal nutritional requirements for maximum 
production of conidia and hyphal bodies were determined. Sucrose and 
yeast extract were found most productive carbon and nitrogen sources, 
respectively. Lim et al. (1989) also studied the effect of different agar 
based artificial medium on conidial production of B. bassiana and 
Sabouraud dextrose agar was found to give best sporulation. Knudsen 
et al. (1990) demonstrated that Sabouraud's broth was significantly 
superior over potato dextrose broth for biomass production of B. 
bassiana, an isolate of cereal aphid. 
Paccola Meirelles and Azevedo (1990) studied effect of different 
media on linear growth and sporulation of different isolates of this 
pathogen to show the natural variability among the isolates. Significant 
differences were observed with respect to grov^h of different isolates in 
different media. Hegedus et al. (1990) also studied the effect of 
different synthetic liquid media on submerged conidiation of B. 
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bassiana and found N-acetyl-D-glucosamine to be better than yeast 
extract-peptone-glucose and other media tested. Grajek and Sobezak 
(1990) investigated the influence of various natural and synthetic media 
alongwith the water potential, on growth and sporulation of 5. bassiana 
and V. lecanii. 
This fungus was successfully cultured on PDA medium for 
laboratory and small-scale field application by Puzari et aL (1994). 
Later Mazumder et al. (1995) also found potato dextrose agar and broth 
medium to give sufficient production of conidia for the same isolate. 
Padin et al. (1996) compared two synthetic media to see their effect on 
conidial production of B. bassiana pathogenic to stored grain pests R. 
dominica, S. oryzae and Tribolium castaneum Herbst. Potato-dextrose-
agar (PDA) was found to give higher production of conidia in 
comparison to Sabouraud yeast agar (SDA+Y). Among the six agar 
media tested by Yamashita and Satomi (1996), yeast manitol (0.5% 
yeast extract + 2% manitol) medium gave the best conidial production 
of 5. bassiana. Areas (1999) evaluated glucose yeast extract medium 
(10+10 g/1) for evaluation of biomass and conidial production. 
Besides the above reports related with the work on B. bassiana, 
wide variations have been noticed in growth of other entomogenous 
fungi (M anisopliae, Paecilomyces spp., V. lecanii, Hirsutella sp.) and 
their isolates with respect to different media, as reported by Galani 
(1983), Alves (1986), Sundra Babu et al. (1986), Frigo and Lucio De 
Azevedo (1986), Jin and Chang (1987), Bastos Cruz et al (1987), Im et 
al. (1988), Machowicz Stefaniak (1988), Kleespies and Zimmermann 
(1992). Isolates of M anisopliae were characterized on the basis of 
conidial production on different media (Alves, 1986; Frigo and Lucio 
De Azevedo, 1986; Kleespies and Zimmermann, 1992). 
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Effect of different initial pH values: 
It was reported that the soil pH could affect the behavior of 
pathogenic fungi. Pospelov (1940) recorded that M anisopliae infected 
proportionally more individuals of Cleonus punctiventris Germer in 
acid than in other soils. While Pyatritzki (1940) reported that the 
mortality of immature stages of this weevil was high due to M 
anisopliae where the soil were acidic whereas, mortality due to 
Sorosporella sp. were high where the soil were more alkaline. It was 
also reported that mineral fertilizers might alter the pH of soil to favour 
either one or the other of these two fungi. 
Bell and Nebeker (1969) studied the pH tolerance often aquatic 
insect species and found that the lethal values ranged from 4.65 pH for 
mayflies to 1.50 pH for caddisflies. If these species of insects were 
found in habitats where the pH values were lower than could be 
tolerated by fungus pathogens, then the insects could escape the 
infection because of particular environmental conditions. 
Falcon (1971) reported that pH of material deposited on the 
surface of plants may deactivate pathogens and even the pH of plant 
tissues itself, or the substances produced by plants, may alter the 
feeding insect's susceptibility to infection by a pathogen. Campbell et 
al. (1980) also evaluated growth and reproduction responses of B. 
bassiana to various pH concentrations under laboratory conditions. 
Galani (1988) also reported that the initial pH values influenced 
biomass production obtained at the end of growth in a stirred liquid 
medium in case of V. lecanii, P. farinosus, B. bassiana and Agerita 
webbi Fawcett. The highest dried biomass values were obtained when 
fungi were cultivated in media with initial pH ranging from 6 to 8.5. 
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Variation in biomass production was also noticed in different species of 
fungi at a particular pH value. 
Im et al. (1988) determined the growth and sporulation of 
Hirsutella spp., M. flavoviridae and N. rileyi with various pH values of 
the medium and found pH of 5.0 - 8.0 suitable for growth of these 
pathogenic fungi. 
Lingg and Donaldson (1981) evaluated the effect of various pH 
regimes of soil on survival of B. bassiana conidia and found that pH 
has little effect on conidia survival at different moisture content. 
However, out of the two strains evaluated, one was found more 
sensitive to pH 5 than the other. Samsinakova et al. (1981) determined 
the optimum pH value for one of the B. bassiana strain pathogenic to L. 
decemlineata. 
Sundra Babu et al. (1986) found M anisopliae to give best 
grov^h between pH 6.5-7. Jin and Chang (1987) also studied the effects 
of pH regimes on conidial production of another entomogenous fungus, 
P. farinosus in China. 
Chen (1991) determined the range of pH 4-12 for growth of P. 
cicadae but pH 5-6 was preferred for maximum growth of the fungus. 
Kleespies and Zimmermann (1992) from their studies, concluded that 
pH was also an important production parameter for different strains of 
M. anisopliae. Different strains required different pH values ranging 
from basic to acid media for growth and sporulation. Shimazu and Sato 
(1996) investigated the effect of pH on growth of B. bassiana. The 
fungus was found to be able to grow well at high pH values of more 
than 10. 
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Effect of different temperature: 
Temperature is one of the important factors affecting 
development and sporulation of entomopathogenic fungi. Scanning of 
literature revealed that, with regard to physical environment, 
temperature and humidity in relation to fungus pathogens have received 
more attention and testing than any of other climatic conditions. Ferron 
(1967) has considered temperature the most important single factor of 
the physical environment for the success of fungi in the field. Hall and 
Bell (1960, 1961) found variation in temperature ranges and optimums 
for hyphal growth in different species of entomogenous fungi including 
B. bassiana. The optima ranged from 24 ° - 33 °C and the limits for 
survival from 1 ° - 36 °C. In general, the limits for growth, range 
between 5 °C and 35 °C and the optima falls between 20 °C and 30 °C 
(Roberts and Yendol, 1971). Other important studies conducted on 
influence of temperature on entomogenous fungi including B. bassiana 
were by Bajan and Kmitova (1973), Roberts and Campbell (1977) and 
Hall and Papierok (1982). 
According to Schaerffenberg (1963), the influence of 
temperature on insect infections with Beauveria and Metarhizium 
depends upon the specific requirements of the fungus. The genus 
Beauveria normally develops within a temperature range from 0 °C -
40 °C, M. anisopliae inhabited below 10 °C with an optimum between 
25°-30°C. 
Investigations of Walstad et al. (1970) for the two pathogenic 
fungi, B. bassiana and M anisopliae, revealed that these fungi required 
temperatures between 15 °C and 35 °C for spore germination, hyphal 
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development and spore production. The optimum temperature for this 
series of developmental stages in the fungi were between 25°-30 °C. 
Spores of both fungi were killed near 50 °C. B. hassiana, however, 
kills overwintering insects in environments where temperatures average 
well below the optimum. The optimum temperature for growth of 
strains of this species was found reduced from south to north in the 
USSR. This may account for the bark beetle mortality noted with a 
finish isolate at temperatures below 14 °C and averaging considerably 
less than 10 °C as reported by Roberts and Yendol (1971). They also 
observed that the temperatures, which support only moderate growth of 
the fungus, are adequate for disease initiation and development. 
Goral (1973), Isaenko et al (1974), Illicheva et al (1976) also 
studied the influence of temperature on different strains/isolates of B. 
bassiana. Sanzhimitupova and Kalvish (1979) reported that there was 
no conidial formation at 35 °C in B. bassiana. Campbell et al. (1980) 
also evaluated the effect of temperature on growth and development of 
B. bassiana, a strain of pecan weevil, C. caryae in laboratory studies in 
USA. Ferron (1981) reported optimum growth temperature near 23 ° -
25 °C for B. bassiana. Hussey and Tinsley (1981) reported that B. 
bassiana could be cultured at any temperature between 8 °C and 30 °C 
with the optimum temperature being 24 °C. Wen (1983) found 20 °C as 
suitable temperature for infection of 5. bassiana. 
Kuberappa and Jayaramaiah (1987) determined 20° - 30 °C as 
range of temperature for optimum growth, sporulation and development 
of 5. bassiana strain pathogenic to silkworm larvae. 
Fernandes et al. (1989) evaluated the effect of different 
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temperatures on conidiogenesis of B. bassiana infecting cadavers and 
adults of Ceratoma arcuata Olivier. These studies revealed that 
conidiogenesis of this isolate were limited by higher temperature and 
did not occur at 30 °C. 
Lim et al. (1989) determined 25 °C as optimum temperature for 
growth and sporulation of B. bassiana isolate from Helopeltis 
theobromae Miller, although growth was observed at temperature 
between 5°-30 °C. 
Hywel Jones and Gillespie (1990) demonstrated that the intra-
specific differences occurred in the germination response of B. 
bassiana and M anisopliae at temperature varying between 25 ° -30 
Fargues et al. (1992) studied the effect of temperature on 31 
isolates of B. bassiana, B. brongniartii, M. anisopliae, M. flavoviride; 
N. rileyi and Paecilomyces fumosoroseus (Weize) Brown and Smith 
and established that maximum growth occurred at 25 °C for 26 isolates 
but upper temperature limit varied from 27 ° - 37 °C. Inter-specific and 
intra-specific differences were also noticed. It was concluded that the 
temperature ranges established according to in vitro experiments might 
be useful for selecting candidate species/isolate of fungi for microbial 
control suited in particular climatic condition. Khan et al. (1993) 
evaluated the effect of temperature on mycelial growth, sporulation and 
viability of B. bassiana and M. anisopliae and their effect on 
pathogencity to Odontotermes brunneus Hagen. Considerable variation 
was noticed in various growth parameters at different temperatures. 
Itoh et al. (1994) determined 30 °C and 27.5 °C as optimum 
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temperature for mycelial growth and conidiation respectively, for B. 
bassiana, an isolate from Chilo suppressalis Walker. Junianto and Sri 
Sukamto (1995) determined the temperature ranges for growth and 
sporulation of 5 different isolates of B. bassiana pathogenic to H. 
hampei Ferr. Intra-specific differences among the isolates were found 
to exist in response to different temperature for growth and sporulation. 
Kim et al. (1996) evaluated four strains of B. bassiana for 
growth at 25 °C. They found conidial production to differ in different 
strains at this temperature. Strain FlOl, however, showed greatest 
conidial production and proved the best as compared to other strains at 
25 °C. 
Fargues et al. (1997) determined the effect of temperature on 
growth of 65 isolates of B. bassiana from different geoclimatic and 
host origins. In general, wide temperature range of 8 ° - 35 °C was 
detected. Significant differences were found among the isolates for 
requirement of optimum temperature for the growth and sporulation. 
Nelson et al. (1997) found 23 °C as optimum temperature for 
conidial production of New Zealand strain of 5. bassiana after 3 weeks, 
as a result of their laboratory studies. 
Temperature has been reported as one of the important factors 
influencing the growth of other potential fungal pathogens (M 
anisopliae, Paecilomyces spp., etc.), as evidenced by the work of 
Zimmermann (1982), Alves et al (1984), Sundara Babu et al. (1986), 
Jin and Chang (1987), Machowicz-Stefaniak (1988) and Chen (1991). 
Sosa Gomez and Alves (1985) and Kleespies and Zimmermann 
(1992) characterized isolates of M. anisopliae on the basis of their 
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optimal temperature requirements. 
Scanning of literature reveale^d that the isolates of entomogenous 
fungi not only differ in their virulence but may also differ in their 
physiology and morphology. Therefore, the present studies were aimed 
at analyzing the different isolates of B. bassiana on the basis of 
physiological and morphological parameters also. The ultimate aim of 
this study was to select the best isolate on the basis of growth 
parameters. 
2.2.2. Study of morphological characters ofB. bassiana: 
Isolates of entomogenous fungus can differ significantly with 
respect to pathogenicity, sporulation etc. as evidenced by number of 
Publications (Steinhaus, 1963; Roberts and Yendol, 1971; Burges, 
1981; Maniania, 1992; Leathers and Gupta, 1993; Selman et al, 1997). 
But intra-specific variation with respect to morphological characters of 
conidia and hyphae has not been studied by many workers. Variations 
are reported among isolates of B. bassiana based on microscopic 
morphology of conidia (Varela and Morales, 1996). Morphogenesis of 
B. bassiana strains was observed with scanning electron microscopy by 
Mesquita et al. (1996) for intra-specific comparison of strains. 
Kleespies and Zimmermann (1992) showed clear differences in size, 
morphology and physiology of the three strains of M anisopliae when 
grown on liquid media. Conidiogenesis studies are, however, Stated to 
be inadequate to identify strains (Ferron, 1981). The present studies 
aimed at exploring the possibilities to differentiate between the isolates 
of 5. bassiana on the basis of morphology of conidia, which will be an 
easier and quick method for the identification of isolates. 
2.3. Studies on the histopathology of ^. armigera, S. litura and 
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S. obliqua infected with BBIO isolate ofB, bassiana: 
Histopathological studies are important for understanding the 
mode of action, disease development and structural changes of the host 
body due to pathogenesis caused by fungus. Paillot (1930) and 
Lefebvre (1934) studied the penetration and development of the fungus 
B. bassiana in the tissues of the silk worm, B. mori and com borer, 
Pyrausta nubilalis Hb. 
Histopathological evidence with respect to progression of disease 
by B. bassiana in larvae of gypsy moth, Lymantria dispar L has been 
provided by Wasti and Hartmann (1975). Atuahene and Doppelreiter 
(1982) did histopathological studies in larvae of Lamprosema 
lateritialis Humps. Penetration of cuticle and disease development was 
clearly observed in histopathogical studies of B. bassiana in larvae of 
Indarbela sp. (Fasih and Srivastava, 1988). The authors observed 
penetration of cuticle, mi^tiplication of fungal hyphae and spores, 
disintegration of hypodermis, gut wall and other internal structures in 
infected larva as compared to the transverse section passing through the 
body of a healthy larva. Su (1989) in histopathological examination of 
B. bassiana in C. formicarius after varying inoculation periods, showed 
timely progression of disease in internal body tissues and proved the 
pathogenicity of the fungus to its host pest. Hazarika and Puzari (1990) 
reported the progression of disease due to B. bassiana in rice hispa, 
Dicladispa armigera Olivier. Similar observations were also recorded 
by Kaaya et al. (1993) in larvae of banana weevil, C. sordidus. 
Bidochka et al. (1993) in their microscopic examination of 
infected cadavers of lygus bug, Lygus spp. L showed massive 
disintegration of internal muscle tissues due to parasitization of B. 
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bassiana. Sohaf et al. (1993) studied the progression of disease in 
internal tissues of silk worm larvae infected with this pathogen. The 
hyphal growth was observed after 48 hr and hyphal emergence outside 
the integument was noticed after 132 hr. 
Ramlee et al. (1996) conducted histopathological studies in 4"^  
instar larvae of psychid Metis a plana Walker to determine the mode of 
B. bassiana infection and studied in detail the periodical development 
of fungus in the internal tissues of the infected larva. 
Histopathological studies have been done to understand the mode 
of infection and disease development in other entomopathogenic ftingi 
also. Srivastava and Mathur (1970) observed disease development in 
larvae of Chilo zonellus Swinhoe infected with B. densa. Yadava et al. 
(1979) did histopathological studies in Sesamia inferens Walker 
infected with B. brongniartii. Penetration of hyphae through cuticle and 
its progressive development in the tissues of body was clearly 
observed. Wasti et al. (1980) also established the clear progression of 
disease in larvae of gypsy moth, L. dispar L, infected with M 
anisopliae and Paecilomyces fumosoroseus (Weize) Brown and Smith 
by histological examination. Vicentini and Magalhaes (1996) did 
similar studies in 5 instar nymphs of grasshopper, Rhammatocerus 
schistocercoides Rehn infected with the fiingus, Metarhizium 
flavoviridae Gams and Rozsypal. 
Histopathological studies were therefore, thought important to 
establish the infectivity of B. bassiana in the test species. These 
investigations are also aimed at studying the histopathological events 
and changes occurring in the haemolymph and internal body structures 
after the ftingus gain entry in to the body. 
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2.4. Studies on the susceptibility of different larval instars ofH. 
armigera, S. litura and S, obliqua to BBIO isolate of B. 
bassiana at different inoculum levels: 
Besides the major factors i.e. requirement of temperature, 
humidity, pH etc., certain special factors have also been reported to 
influence the infection of entomopathogenic fungi including B. 
bassiana. Different stages of host, age and inoculum level of pathogen 
are also some of the factors in host-pathogen relationship, influencing 
the incidence of disease and its further progress. 
Gopallcrishnan and Narayanan (1990), Prasad et ah (1990) and 
Sandhu et al. (1993) determined the susceptibility of different larval 
instars of H. armigera on the basis of percentage mortality, LC50 and 
LT50 values. Susceptibility of different instars was also compared on 
different inoculum levels. Results of these studies showed that in 
general, 1^ ' instar larvae of//, armigera were most susceptible followed 
by 2"^ * and 3'''^  instars, while 4* and 5"" instars were significantly less 
susceptible as compared on the basis of percentage mortality. LC50 and 
LT50 values also varied. Young stages have less LC50 and LT50 values 
as compared to older larvae. Similar results were reported in larval 
instars of certain noctuids bioassayed for their susceptibility to B. 
bassiana, N. rileyi and P. fumosoroseus (Gardner and Noblet, 1978; 
Ignoffo et al, 1978; Fargues and Rodriguez Rueda, 1980). 
Carruthers et al. (1985) reported that in vivo incubation period of 
B. bassiana mycosis of the European com borer, Ostrinia nubilalis Hub 
varied in response to inoculum level of initial exposure and the age of 
host larvae. Shorter incubation period was reported in case of initial 
stages with high dosages. However, studies made by Feng et al. (1985) 
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reported that larvae of 1^ ' and 5^  instar were most susceptible and 4^  
instar is most resistant in case of O. nubilalis as compared on the basis 
of LC50 levels. 
In several findings reported earlier also, inoculum level and age 
of the larvae were the factors found affecting the susceptibility of host 
insect. For example, in case of larvae of Malacosoma neustria L 
(Machowicz-Stefaniak, 1978); L. decemlineata (Samsinakova et al, 
1981; Fargues et al, 1991); B. mori (Pitta et al, 1990); S. litura 
(Prasad et al, 1989); Chilo infuscatellus Snellen (Sivasankaran et al, 
1990); Eutectona machaeralis Walker and Hyblaea puera Cramer 
(Agarwal et al, 1985; Rajak et al, 1993); S. litura (Jayanthi and 
Padmavathamma, 1996); Phthorimaea operculella Zeller (Hafez et al, 
1997). 
Walstead and Anderson (1971) found that the mortality was a 
function of the quantity of inoculum applied. Results of several workers 
on dosage-mortality relationship of B. bassiana for different species of 
insect pests confirm this observation. Some of the recent findings on 
important pests are that of, sugarcane shoot borer, C. infuscatellus 
(Easwaramoorthy and Santhalakshmi, 1987); lesser com stalk borer 
(Gilreath and Funderburk, 1987); fig moth, Ephestia cautella W. 
(Jassim et al, 1988); Chalcodermus bimaculatus (Quintela et al, 
1990); different species of aphids (Feng and Jhonson, 1990; Feng et al, 
1990; Dorschner et al., 1991); chinch bug, B. leucopterus leucopterus 
(Krueger et al, 1991); rice hispa, D. armigera (Puzari et al, 1994); 
termite, Nasutitermes sp. (Melagodi and Veiga, 1995); grass hopper, 
Melanoplus sanguinipes Fab (Inglis et al, 1996); Russian wheat aphid, 
D. noxia (Vandenberg, 1996); macadamia pest, Ecdytolopha torticornis 
Meyrick (Gonzalez et al, 1996); S. zeamais (Adane et al, 1996); 
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migratory grasshopper, M sanguinipes Fab (Jeffs et ai, 1997). 
On the basis of literature cited above it was thought pertinent to 
study the age-dose-mortality relationship with respect to infection of 5. 
bassiana in the test species. The studies were mainly aimed at 
standardization of doses for different stages and to identify the most 
vulnerable stage of insect at which to strike control economically. 
2.5. Studies on the influence of different host plants on the 
susceptibility of H. armigera, S. litura and S. obliqua to 
BBIO isolate oiB. bassiana: 
Variations among host plants may also affect the relationship 
between herbivores and their natural enemies. Price et al. (1980) 
reviewed the roles host plants play in the relationship between 
herbivores and parasitoids. Development of fungal pathogens may also 
be indirectly affected by host food besides the host itself For example, 
leaf cutter bees, Megachile rotundata reared on natural provisions were 
generally less susceptible to Ascosphaera aggregata as compared with 
bees reared on artificial provisions (Goettel etal, 1993). 
Most of the studies related with the trophic-level interactions 
between host plant-pest- pathogen, deals with the effect of different 
host plant species on development of fungal pathogens within 
herbivorous insects. Similar level of mortality was noticed among the 
larvae of L. decemlineata when reared on different levels of 
glycoalkaloids (Costa and Gaugler, 1989). In contrast, Hare and 
Andreadis (1983) found that the food plant species most suitable for L 
decemlineata survival in the field produced the larvae that were least 
susceptible to B. bassiana. Larvae reared in the greenhouse also varied 
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in susceptibility to measured doses of B. bassiana conidia in the 
laboratory. Ramoska and Todd (1985) observed that adult chinch bug, 
B. leucopterus leucopterus inoculated with B. bassiana demonstrated 
higher mortality when fed wheat, barley or artificial diet compared with 
com or sorghum. Results also revealed that only few cadavers of 
chinch bugs that had eaten com or sorghum produced conidia, 
demonstrating an additional inhibitory effect of these foods, 
presumably resulting from fungistatic secondary plant chemicals. There 
are few reports of in vitro studies showing that the addition of 
glycoalkaloids or a diversity of plant extracts to media can inhibit 
growth of B. bassiana (Raghavaiah and Jayaramaiah, 1987; Costa and 
Gaugler, 1989). 
Studies of Alves et al (1990) and Macedo et al (1990) indicated 
that D. saccharalis larvae differed in susceptibility to B. bassiana when 
reared on different host plants. Sporulation was found higher in N. 
rileyi killed larvae ofH. armigera when larvae had eaten plants optimal 
for growth (Gopalkrishnan and Narayanan, 1989). Whereas time-
mortality responses of N. rileyi to another pest, Spodoptera littoralis 
Boisd, did not differ for 3'^ '' instar larvae reared on four readily utilized 
plant species as reported by Fargues and Maniania (1992). In another 
study, Hajek and St. Leger (1994) reared polyphagous larvae of L. 
dispar on leaves of five different host plants and found similar 
mortality level and disease incubation times for the fungus 
Entomophaga maimaiga Humber, Shimazu and Soper. However, the 
total duration from infection to host death was increased for the slow 
growing larvae on less preferred host Acer rubrum L. 
Reports of the above studies show that disease development is 
linked with the plant nutritional quality ultimately affecting the pest in 
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various ways and which in turn affects parasitizing fiingi. From the 
review of literature it is observed that very few studies have been done 
on the susceptibility of polyphagus insects to entomogenous fungi as 
influenced by different host plants. However, it is an important factor to 
be taken into consideration while using entomogenous fungi in IPM of 
insect pests infesting variety of important crops (as in case of H. 
armigera, S. litura and S. obliqua the test species selected for the 
present studies). It is with this point of view, it was thought desirable to 
study the influence of host plants on the susceptibility of test species to 
B. bassiana. 
2.6. Studies on the effect of different temperature on the 
susceptibility of H. armigera, S. litura and S. obliqua to 
BBIO isolate ofB. bassiana: 
Temperature is considered to be the most important factor of the 
physical environment for the success of fungi in the field. However, 
effect of temperature is not always clear, since it affects germination of 
spores, penetration of the insect by hyphae and the general pathogenic 
development that follow. Temperature dependent response of growth 
and development of B. bassiana has been demonstrated by many 
workers. These studies dealt with in vitro development of fungus. 
Carruthers et al. (1985) considered in vivo temperature-dependent 
development as one of the several stimulus-response of key importance 
in evaluating disease dynamics under field conditions and one of the 
first data requirements necessary for the construction of quantitative 
epizootiological models. 
There are number of reports showing temperature ranges and 
optimum temperature-requirements for fungus, B. bassiana in relation 
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to its pathogenicity to host as reported earlier. Muller-Kogler (1942) 
reported that at 5 °C, B. bassiana could not infect larvae of Bupalus 
piniarius L. Whereas, it succeeded, though slowly, at 8° C. In case of 
larvae of L. decemlineata, B. bassiana declined in infectivity below 6° 
C and B. densa below 10 °C and M anisopliae below 15 °C 
(Schaerffemberg, 1957b). Similarly temperature ranges were found to 
differ for different entomopathogenic fungi and in different isolates of 
the same species including B. bassiana (Steinhaus, 1963; Mohammad 
etal, 1977; Barson, 1977; Fargues and Rodriguez Rueda, 1980). 
Barson (1977) in his studies with B. bassiana , found maximum 
mortality of S. scolytus larvae, at 25 °C which decreased at 30 °C. 
Doberski (1981b) reported higher levels of mortality when 
experimental temperatures were increased from 2° to 20 °C. The most 
significant aspect of these results was that, given sufficient time, larvae 
of S. scolytus are killed at temperatures down to 2 °C, if inoculated 
with low temperature, isolates of 5. bassiana. These findings also show 
the possibilities of using this fungus to control pests in temperate 
regions where temperature goes down to such extent. 
Riba and Marcandier (1984) observed that at low temperature of 
15 °C, B. bassiana was able to infect larvae of O. nubilalis but the LT50 
was much increased (11.3 days) while at 25 °C, LT50 was 6.6 days 
only. This shows that temperature played an important role in causing 
early infection and mortality, necessary to get an effective control of 
the pest. Similarly, in laboratory tests, B. bassiana showed high rate of 
infectivity with lower LT50 values at 30 °C in case of pest Corythucha 
ciliata Say in Italy (Marletto and Arzone, 1985). Carruthers et al. 
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(1985) reported that the in vivo incubation period of B. bassiana 
mycosis of (9. nubilalis varied in response to temperature of incubation. 
According to report of Houle et al. (1987), temperature seems to 
have variable effect on host-parasite relationship of Scolytus 
multistriatus Marsham and its pathogenic fungus B. bassiana. Results 
revealed significant differences between and within the 3 temperature 
regimes with respect to mortality caused by the different isolates of this 
pathogen. Higher percentage mortality was caused by B. bassiana to 
the curculionid, Hylobius abietis L. at higher temperature of above 20 
°C i.e. at 23 °C as compared to 13 °C and 33 °C as reported by 
Wegensteiner and Fohrer (1988). Similar results were also reported by 
Diehl-Fleig et al. (1988) in case of infection of B. bassiana and M. 
anisopliae against sauva ant A. sexdens where medium lethal time was 
shorter under high temperature (23-28 °C). Nearly similar results were 
obtained in case of infection of this pathogen in larvae of D. 
saccharalis (Lecuona and Alves, 1988). 
Femandes et al. (1989) noticed higher infectivity of 5. bassiana 
at 30 °C in case of Ceratoma arcuata Olivier in Brazil. Krueger et al. 
(1991) also reported high mortality of chinch bug, B. leucopterus 
leucopterus in soil was at 30 °C as compared at 20 °C. B. bassiana was 
reported to cause high mortality at temperature above 20 °C in 
Argentine stem weevil, Listronotus bonariensis (Goh et al, 1991); in 
Rhizotrogus majalis Razoumowsky (Krueger et al, 1991); in Ips 
typographus L. (Wegensteiner, 1992); in teak defoliator, H. puera and 
teak skeletonizer, E. machaeralis (Rajak et al, 1993); in H. armigera 
(Sandhu et al, 1993); in black tipped sawfly, Acantholyda posticalis 
posticalis Matsumura (Kim Hyeong Jun et al, 1996); in diamond back 
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moth, P. xylostella (Selman et al, 1997). 
Huwenjin et al. (1996) reported that pathogenicity ofB. bassiana 
to nymphs and adults of coreid, Riptortus linearis Fab decreased with 
increase in temperature at 25 °C and above. In contrast Yasuda et al. 
(1997) found that, B. bassiana infected adults of the sweet potato 
weevil, C. formicarius irrespective of temperature between 15 °C and 
It is revealed from the scanning of literature that temperature is 
an important determinant in host-pathogen relationship with respect to 
infection of entomopathogenic fungi. Present studies were therefore, 
thought to be undertaken to optimize the temperature of incubation for 
the maximum infectivity of the pathogen. 
2.7. Studies on the compatibility of BBIO isolate of ^ . bassiana 
with pesticides and bioagents: 
2.7.1. Effect of pesticides on the radial growth ofB. bassiana: 
Scanning of literature regarding the effect of chemicals on insect 
pathogenic fungi revealed that the entomogenous fungi are more 
frequently adversely affected by pesticides, particularly fungicides. 
However, some accounts of beneficial combinations have also been 
reported. For effective use of fungal pathogens in IPM system, a 
moderately accurate estimate of compatibility of chemical pesticides 
and pathogen is necessary. 
Comprehensive reviews by Benz (1971), Roberts and Campbell 
(1977), Osbame and Boucias (1985), Rivera and Bustillo (1996) reveal 
that fungi are adversely affected by many pesticides in commercial use 
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for pest and disease control. 
Several pesticides (fungicides, insecticides, nematicides etc.) 
were found to be harmful to various entomogenous fungi including, B. 
bassiana, Entomophthora spp., M anisopliae, N. rileyi, Paecilomyces 
spp., V. lecanii, etc. (Hall and Dunn, 1959; Cadatal and Gabriel, 1970; 
Wilding, 1972; Ignoffo et al, 1975; Soper et al, 1974; 
Easwaramoorthy and Jayaraj, 1977; Kai et al, 1990; Moorhouse et al, 
1992; Vyas et al, 1990, 1992; Narahara et al, 1992). 
Various published reports indicate that the growth and 
germination of B. bassiana was affected by different fungicides 
(Olmert and Kenneth, 1974; Tedders, 1981; Galani, 1980; Clark et al, 
1982; Loria et al, 1983; Machowicz-Stefaniak, 1983; Saito, 1984; 
Osborne and Boucias, 1985; Machowicz-Stefaniak, 1985; Sampson et 
al, 1986; Kuberappa and Jayaramaiah, 1988; Coremans - Pelseneer 
and Tillemans, 1988; Vanninen and Hokkanen, 1988; Aguda et al, 
1988; Paccola-Meirelles and Azevego, 1990; Calderon et al, 1991; 
Hasan et al, 1994; Feng and Chiang, 1995; Wright and Kennedy, 
1996; Rivera and Bustillo, 1996; Masarrat Haseeb and Srivastava, 
1996; Lee Sang Myeong et al, 1996). 
Benomyl, zineb, mancozeb were among the most inhibitory 
fungicides against B. bassiana while fungicides compatible with B. 
bassiana in in vitro tests included sulphur, dinocap, copperoxychloride, 
daconil etc. (Jaques and Morris, 1981). 
The insecticides were also found to affect the growth and 
development of B. bassiana. The insecticides affected the pathogen to 
the lesser or greater extent and some causing even synergistic effect 
(Ten, 1961; Urs et al, 1961; Olmert and Kenneth, 1974; Galani, 1980; 
46 
Clark et al, 1982; Anderson and Roberts, 1983; Aguda et al, 1984; 
Foschi and Grassi, 1985; Coremans- Pelseneer and Tillemans, 1988; 
Vanninen and Holckanen, 1988; Aguda et al, 1988; Vilas Boas and 
Alves, 1988; Su, 1988; Anderson et al, 1989; Dirlbek et al, 1989; 
Vyas et al, 1990; Calderon et al, 1991; Kurogi et al, 1993; Bajan et 
al, 1995; Rivera and Bustillo, 1996; Wright and Kennedy, 1996; Lee 
Sang Myeong et al, 1996; Quintela and McCoy, 1997). 
Besides the toxicity of pesticides, there are other factors 
responsible for varying degrees of reduction caused by different 
insecticides to entomopathogens (Moorhouse et al, 1992). Anderson 
and Roberts (1983) reported formulation of insecticides as one of the 
factors responsible for variation in toxicity of different insecticides. 
Insecticides in formulation of wettable powder were found less toxic to 
the fungal growth than the EC formulation. Some of the insecticides i.e. 
endosulfan, piperonyl, butoxide EC and permethrin EC caused 
significant reduction in growth while carbaryl WP was similar to 
control. In addition intra-specific variation in pesticide sensitivity of V. 
lecanii and M anisopliae has also been observed. 
Plant based pesticides are currently being used for control of 
insect pests as an alternative to chemical pesticides. There are 
numerous evidences available on compatibility and incompatibility of 
muscardine fungi with pesticides as stated above but little work has 
been done with natural pesticides. Antifungal properties of plant 
extracts/ plant products on plant pathogenic and zoopathogenic fungi 
have been reported by Odikodze (1960), Appleton (1975), Tansey and 
Appleton (1975), Pushpa (1978), Krishna Prasad et al (1979), Misra 
and Dixit (1979), Rajput (1982), Aguda et al (1986), Raghavaiah and 
Jayaramaiah (1987, 1990) Costa and Gaugler (1989) and Vega et al 
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(1997). 
Raghavaiah and Jayaramaiah (1987) found growth and 
germination of B. bassiana affected by essential oils of medicinal 
plants i.e. lemongrass {Citronella citratus (D.C) Stapf), palmorosa 
grass (C. maritinii var. motia (Roxb.) Stapf), citronella (C. nardus (L.) 
Rendle), Eucalyptus globulifera and E. citriadora Hook. 
Most of the neem products were, however, found compatible 
with B. bassiana either not affecting or affecting to a lesser extent, the 
growth and germination of this pathogen including, RD-9 Replin (Vyas 
et al, 1992), and aqueous neem seed extract (Arturo et al, 1997). 
Evaluation of seed kernel extracts of Azadirachta indica Juss, 
Pongamia pinnata (L) Pierre and whole extract of three other plants 
and vegetable oils from sunflower, safflower, groundnut, rape seed, 
sesame, coconut and cotton seed was done against N. rileyi. None of 
these oils were found detrimental (Devi and Prasad, 1996). 
Rivera and Bustillo (1997) in their recent review have discussed 
in detail, the effect of agrochemicals on B. bassiana and M anisopliae. 
This review included studies on the effect of plant extracts, their nature 
and mode of action. 
2.7.2. Effect ofB. bassiana on some insect predators: 
The interaction of entomogenous fungi with other biological 
agents acting on pest species is a major concern for successful use of 
this pathogen in IPM system. Interference and competition with other 
pathogens and with parasites and predacious arthropods could reduce 
net effectiveness, perhaps, making introduction of a pathogen 
impractical (Jaques and Morris, 1981). 
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There are evidences indicating that some entomopathogenic 
fungi may influence populations of parasitic and predacious species, 
but in general, much less than do chemical insecticides. But the work 
on this important aspect is poorly documented. Many predators have 
been found parasitized by entomogenous fungi (Bell, 1974; Cartwright 
et al, 1984; Iperti, 1986; Joques and Morris, 1981; Magalhaes et al, 
1988; James and Lighthart, 1994; Todorova et al, 1996; Jayanthi and 
Padmavathamma, 1996). 
Cartwright et al. (1984) reported infection of B. bassiana in 
over-wintering beetles of Coccinella septempunctata L. Castineiras and 
Calderon (1985) evaluated the susceptibility of an ant predator 
Pheidole megacephala Fab to this fungus as to find out the possibility 
of using the bioagents in IPM of C. formicarius. Iperti (1986) also 
reported over-wintering coccinellids were often found infected and 
killed by a fungus, B. bassiana as reported in a review on biology of 
predacious coccinellids in France. 
Pavlyushin and Krasavina (1986) in the pathogenicity tests, 
found three predators of aphids i.e. Chrysopa carnea {Chrysoperla 
carnea Steph.), C. sinica and Cycloneda limbifer Casey, susceptible to 
the infection of B. bassiana and other fungi. Donegan and Lighthart 
(1989) also studied the effect of stress factors on susceptibility of 
neuropteran predator, C. carnea to B. bassiana. 
Beetle, Rhizophagus grandis Gyll predator of scolytid, 
Dendroctonus micans Kug was also found susceptible to the infection 
of 5. bassiana (Anonymous, 1988). Magalhaes et al. (1988) tested the 
pathogenicity of 5. bassiana to the coccinellid predators, Coleomegilla 
maculata De Geer and Eriopis connexa Germer and found them 
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susceptible to the infection of this fungus. Hemptinne (1988) also 
reported mortality of overwintering coccinellid predators, Propylea 
quatuordecimpuntata L and C. septempunctata due to infection of B. 
bassiana. 
James and Lighthart (1994) evaluated the susceptibility of 
convergent lady beetle, Hippodamia convergens Guerin-Menville to 
four commonly used fungi for pest control, i.e., B. bassiana, M. 
anisopliae, N. rileyi and P. fumosoroseus (Weize) Brown and Smith. 
Except N. rileyi the beetle was found susceptible to other three fungal 
species. Steerberg et al. (1995) recorded infection of entomogenous 
fungi B. bassiana, P. farinosus, V. lecanii as well as Zoophthora 
radicans (Brefeld) Batko and Z philonthi in overwintering carabidae 
and staphylinidae beetles from agricultural fields in Denmark. The 
incidence of B. bassiana was even recorded to the extent of epidemic 
level in staphylinid beetles of Anotylus rugosus and Gyrohypnus 
angustus. B. bassiana was the predominant fungus isolated fi-om these 
predators. 
Todorova et al. (1996) as a result of their studies, found the 
development of coccinellid predator,' Coleomegilla maculata lengi 
Timberlake affected, when the larvae were fed food inoculated with 
fungus, B. bassiana. 
There are reports of parasitoids i.e. Apenteles flavipes Cam and a 
parasitoid of coffee berry borer, Cephalonomia stephanoderis Betrem 
also being affected by the infection of fiingi M. anisopliae and B. 
bassiana (Folegatti et al, 1990; Reyes Aristizabal, 1995). 
Recently, in India, the negative impact of B. bassiana was also 
reported on predators, C. septempunctata L., Menochilus sexmaculatus 
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Fab and C. carnea Steph (Jayanthi and Padmavathamma, 1996). 
With a view to incorporate BBIO isolate of i?. bassiana in IPM 
of test species, it was thought necessary to study its compatibility with 
pesticides and some predatory beetles of common occurrence in 
agriculture fields in our country. 
2.8. Studies on the host range of BBIO isolate of 5. bassiana: 
B. bassiana has wide host range and has been recorded from 
temperate and tropical regions. Occurrence of B. bassiana and its 
potential and commercial use for a number of host insect has been 
reported in various reviews published by Steinhaus (1963), Pramer 
(1965), Roberts and Yendol (1971), Bell (1974), Ramakrishnan and 
Kumar (1977), Burges (1981), Gillespie and Claydon (1989), Xu 
(1991) and Feng et al. (1994). These workers reported B. bassiana 
pathogenic to the insect species belonging to different taxonomic 
group. However, B. bassiana mycoses has been reported to be more 
common with certain taxonomic group, e.g. Lepidoptera (moth and 
butterflies, particularly larvae); Hemiptera (particularly aphids, white 
flies, scale insects, leaf hoppers and plant hoppers); Coleoptera (beetles 
and weevils of a wide variety); Diptera (mosquitoes and flies); 
Orthoptera (locusts and grasshoppers); Hymenoptera (bees and ants); 
Isoptera (termites). 
There is a long list of insect species recorded as host of this 
pathogen by various workers. Most of the work includes individual 
host records of pests, some related with particular group of insects and 
others with pest complex of particluar crops. The important work 
related with the studies on host range ofB. bassiana included record of, 
white muscardine disease of over 80 different insect species (Pramer, 
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1965), rice pests as host of this pathogen (Rao, 1975; Nayalc and 
Srivastava, 1979 and Ambethgar, 1997); lepidopterous larvae injurious 
to crops in Argentine Republic as hosts of this pathogen (Fresa, 1981), 
white grubs as host of this pathogen (Jayaramaiah and Veeresh, 1983), 
hopper species (Aguda et al, 1984), lepidopterous noctuid hosts of 5. 
bassiana (Maniania and Fargues, 1984; Napiorkowslca Kowalik, 1986), 
various pests as hosts of B. bassiana in Cuba (Diaz Sanchez and Grillo 
Ravelo, 1986), four species of trunic boring insects (Fan et al, 1986), 
three pests of coconut (Gallego and Gallego, 1988), entomophagous 
arthropods as host of this fungus (Magalhaes et al., 1988), two species 
of coleoptera (Sankaran et al., 1989), pests of medicinal and 
agricultural importance as host of isolates of B. bassiana (Messias, 
1989), isolates from various host pests including Argentine weevil 
(Barker et al, 1991), four species of insect pests (Keller, 1991), grass 
hoppers as hosts (Muralirangan and Sanjayan, 1992), various forest 
pests (Sandhu et al., 1993), greenhouse pests (white fly and thrips), 
pests of potato and apple (Tverdyukov et al., 1993), reed stem borers as 
host of B. bassiana in China (Li, 1993), cotton pests (Wright and 
Knauf, 1994), pests of oil palm (Siti Ramlah, 1994), pests of stored 
grains (Moino and Alves, 1995, 1997), cereal aphids (Feng et al, 1990; 
Dromph et al, 1996), pests of mango in India (Masarrat Haseeb and 
Srivastava, 1996), B. bassiana as pathogen of crop pests in Taiwan 
(Hou, 1997), B. bassiana isolates from various host pests and their 
pathogenicity to pests of R. chinensis (Yang Shiz Hang et al, 1997), 
besides several other insect species recorded as hosts of B. bassiana 
from time to time by various research workers. 
A bioagent with wide host range is considered economically 
more acceptable in IPM of crops with a variety of host insects or when 
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applied in inter-cropping or multi-cropping systems. Such bioagents 
can exert control simultaneously over a variety of insect pests of the 
same crop or different crops. It is also revealed from the literature cited 
above that different strain or isolate may differ in their host range. It 
was therefore, thought desirable to study the host range of BBIO isolate 
of 5. bassiana. 
2.9. Screening of different substrates for mass multiplication of 
BBIO isolate of-S. bassiana: 
Successful use of entomopathogenic fiingi as microbial control 
agents of insects and their development into mycoinsecticides depends 
largely on their mass production. Samsinakova et al. (1981) stated that 
the principal conditions to be considered in the production of fungal 
pathogens for commercial use are: (i) Selection of a strain capable of 
producing large quantity of sufficiently virulent spores, (ii) Selection of 
medium enhancing an optimal production of conidia, (iii) Easy 
production at low costs, (iv) Well designed formulation procedures and 
conditions of storage. 
Members of Deuteromycetes fungi have shown much promise 
for mass multiplication on various types of substrates as evidenced by 
review of work on this subject by Ferron (1981), Soper and Ward 
(1981), Barlett and Jaronski (1988), Auld (1991), Goettel and Roberts 
(1992), Feng et al. (1994), Wraight and Carruthers (1998). 
In general, Deuteromycetes fungi including B. bassiana produce 
infectious aerial conidia on solid media and infectious blastospores in 
liquid culture, formed by hyphal budding. Ferron (1978), Aregger et al. 
(1989) found blastospores more susceptible to environmental 
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conditions and consequently less persistent than conidia. However, 
production of blastospores in submerged culture fermentation is 
regarded as simplest and more productive (Krai and Neubauer, 1953; 
Samsinakova, 1966; Ferron, 1974; Campbell et al., 1978; Smith and 
Grula, 1981; Samsinakova et al, 1981; Fogal et al, 1986; Rombach et 
al, 1988; Rombach, 1989; Lane etal, 1991; Miao etal, 1993; Feng et 
al, 1994). However, more persistent conidia produced on solid medium 
are more suitable to control the pest. A wide variety of solid substrates 
have been evaluated for mass culture of B. bassiana by various 
researchers. 
McCoy and Carver (1941) described the mass production of 5. 
bassiana on cereals. Various natural substrates such as potatoes, 
sugarbeet, soybean chunks, grains etc. have been used for conidial 
production of entomogenous fungi (Krai and Neubauer, 1956; Telenga, 
1958; Aquino et al, 1977; Kononova, 1978). On the basis of these 
results, "Boverin" was introduced for production in the USSR. 
Mass production of 5. bassiana using surface culture has been in 
progress for many years in the USSR and Peoples Republic of China 
(Ferron, 1981). On the basis of results of these findings formulated 
products of conidia were commercially made available, eg. Boverin 
(UDSSR), Boverol and Boverosil (CSFR) (Ferron, 1981; Aregger, 
1992). Ferron (1981) has extensively reviewed the work on mass 
production of 5. bassiana and M. anisopliae in Russia, Brazil and other 
countries during the period of 1960-1980. In Peoples Republic of 
China, conidia are produced on wheat bran, rice powder, compost or 
ground com stalks in flat trays, glass crocks or shallow out door pits 
(Hussey and Tinsley, 1981). 
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Goettel (1984) has described a technique for producing several 
fungi including B. bassiana, on bran in autoclavable alkathene bags. 
Barlett and Jaronski (1988) produced B. bassiana on solid substrate 
such as heat sterilized grains mixed with wheat bran to fermentation in 
flat trays. Filho et al (1988) and Pandit and Som (1988) also utilized 
solid substrates of grains and soybean chunks for production of B. 
bassiana. Alves and Pereira (1989) developed a technique for 
production of B. bassiana and M anisopliae utilizing rice as substrate 
in plastic bags and plastic trays. An isolate from banana root borer, was 
cultured on natural media of rice and soaked beans (Filho et al, 1989). 
Grajek and Sobezak (1990) presented data for B. bassiana and V. 
lecanii on conidial production in natural media i.e. wheat bran, 
sugarbeet and wood shavings. 
Aregger (1992) evaluated grains of barley for the conidial 
production of 5. brongniartii. The highest yield varied between 1 x 108 
and 2 X 109 conidia/g. Gupta et al. (1994) evaluated rice as solid 
substrate for the mass production of this pathogen in polypropylene 
Q 
bags and enamel trays, with maximum conidial yield of 10 /g grain 
after 25 days of incubation. 
Ibrahim and Low (1993) evaluated loose solid media i.e. grated 
coconut flesh, mature papaya fruit, tapioca root, sweet potato tubers 
and rice grains for conidial production of B. bassiana. As a result, 
paddy, sweet potato and tapioca were found to give significantly better 
' yield of conidia. 
Mazumder et al. (1995) screened some solid substrate which 
were locally available industrial wastes i.e. press mud, bagacillo, sand, 
sawdust and rice husk for mass production of B. bassiana. Highest 
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inoculum density was reported in rice husk supplemented with 
dextrose. More recently, Calderon et al (1995) produced B. bassiana 
by solid state fermentation using sugarcane bagasse with type B cane 
molasses and torula yeast in a galss reactor as substrate. 
Vilas Boas et al. (1996) evaluated some low cost products 
commonly found in North East Brazil as an alternative to rice for mass 
multiplication of B. bassiana and M. anisopliae. Media used were 
cowpea, Phaseolus vulgaris, P. lunatus and Sorghum, which were 
cooked and sterilized. Rice still proved superior for B. bassiana while 
P. vulgaris L and P. lunatus L proved better for M anisopliae. 
Borges et al. (1997) evaluated 10-70 per cent distillery must for 
mass culture of B. bassiana and found 40 per cent distillery must to 
give the best results. In another experiment he evaluated 40 per cent 
distillery must supplemented with coffee husk and soybean flour and 
found this combination to give better sporulation than standard medium 
of molasses (20/lt.) and torula yeast (10/lt.). 
Nelson et al. (1997) evaluated the effect of solid medium (rice, 
wheat and barley) with additives, glucose and yeast extract, on conidial 
production of B. bassiana and M anisopliae, strains from New 
Zealand. Rice still proved the better medium in comparison to wheat 
and barley. Narvaez et al. (1997) compared the conidial production of 
different isolates of B. bassiana and M. anisopliae on substrate of rice 
and on coffee berry borer cadavers. Recently, Puzari et al. (1998) 
developed a culture medium comprising substrate of rice husk, saw 
dust and rice bran (72:25:100) for mass culture of a isolate of B. 
bassiana from D. armigera.-J^hey observed that spore production 
depends on the isolaie and interaction With'^ piedia of its cultivation. 
! ' ( Ace. N-j 5 f 
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There are number of reports on use of solid media including 
grains and industrial by products for production of other valuable and 
closely related fungi. M. anisopliae another important 
entomopathogenic fungus has been produced on mass scale on different 
substrates i.e. on rice in autoclavable polyethylene bags in Russia and 
Brazil (Ferron, 1981); on rice and bean culture (Bastos et al, 1985); on 
rice and potato-dextrose agar (Sosa Gomez and Alves, 1985); on rice 
media (Frigo and Lucio De Azevedo, 1986; Alves and Pereira, 1989; 
Gupta et al, 1994; Almeida et al, 1997); on rice bran or rice bran-husk 
mixtures (Dorta et al, 1990); on coconut water (Dangar et al, 1991). 
Another fungus V. lecanii has also been produced on mass scale on 
different grains i.e. sorghum, maize, pearlmillet etc. (Easwaramoorthy 
and Jayaraj, 1977); on bran (Goettel, 1984); on millet grain solid (Xia 
etal, 1995). 
From the review of literature, it is understand that various fungi 
and their isolates differ in their production parameters with respect to 
different media. It was therefore, thought necessary to test different 
cheaper and easily available substrates (including grains and various 
wastes) for culture of BBIO isolate of B. bassiana (the best isolate 
selected on the basis of its virulence and conidial productivity). Studies 
were aimed at finding out simple, easily available and economically 
viable substrates for mass multiplication of this isolate of 5. bassiana. 
CHAPTER -
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MATERIALS AND METHODS 
The present study is divided in following sub-headings for description 
of materials and methods: 
1. Maintenance of culture of insect pests. 
2. Maintenance of culture of different isolates of Beauveria 
bassiana. 
3. Bioassay procedure. 
4. Evaluation and characterization of different isolates of B. 
bassiana on the basis of their pathogenic potential to the test 
insects {Helicoverpa armigera, Spodoptera litura and Spilosoma 
obliqua). 
5. Evaluation and characterization of different isolates of B. 
bassiana on the basis of physiological and morphological 
parameters: 
i. Effect of different synthetic nutrient media, pH and temperature 
on the growth oiB. bassiana. 
ii. Study of morphological characters oiB. bassiana. 
6. Studies on the histopathology of H. armigera, S. litura and S. 
obliqua infected with BBIO isolate ofB. bassiana. 
7. Studies on the susceptibility of different larval instars of H. 
armigera, S. litura and S. obliqua to BBIO isolate of B. bassiana 
at different inoculum levels. 
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8. Studies on the influence of different host plants on the 
susceptibility of H. armigera, S. litura and S. obliqua to BBIO 
isolate of 5. bassiana. 
9. Studies on the effect of different temperature on the susceptibility 
of if. armigera, S. litura and S. obliqua to BBIO isolate of B. 
bassiana. 
10. Studies on the compatibility of BBIO isolate of B. bassiana with 
pesticides and bioagents. 
i. Effect of pesticides on the radial growth of 5. bassiana. 
ii. Effect of 5. bassiana on some insect predators. 
11. Studies on the host range of BB10 isolate of B. bassiana. 
12. Screening of different substrates for mass multiplication of BB 10 
isolate of 5. bassiana. 
3.1. Maintenance of culture of insect pests: 
Gram pod borer {Helicoverpa [Heliothis] armigera), tobacco 
caterpillar {Spodoptera litura) and Bihar hairy caterpillar (Spilosoma 
[Diacrisia] obliqua), vegetable pests of national and international 
importance, were selected as test insects for various bioassays (Plate-I, 
Fig. 1 to 9). 
Laboratory culture of these pests was started with larvae collected 
from field. Moths thus obtained were caged in glass jars (20 cm x 15 
cm), covered on top with muslin cloth and provided with strips of 
folded crape paper for oviposition. The adults were fed on 5 per cent 
sugar solution soaked in cotton wool. The eggs were collected every day 
Plate I: Different stages of test insects 
Fig 1-3 Hehcoverpa armigera, 1 Moth, 2 Pupae, 3 Larvae infesting 
tomato Fig 4-6 Spocioptera hhira, 4 Moth, 5 Pupa, 6 Larvae infesting 
cabbage Fig 7-9 Spilusoma obliqua, 7 Moth, 8 Pupae, 9 Larvae 
infesting cabbage 
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and kept separately in a petri dish for hatching. The first stage larvae of 
S. litura and S. obliqua were transferred to fresh tender leaves of 
cauliflower/cabbage in a petri dish (12 cm diameter). In case of S. 
litura, larvae of different instars were kept separately to prevent 
cannibalism. The flill-grown larvae were released in a glass jar provided 
with a layer of about 10 cm sterilized moist soil or sand at the bottom 
for pupation. The adults emerging from the pupae were reared through a 
second generation to ensure the continuous supply of larvae of different 
stages. 
The culture of H. armigera was maintained on artificial diet as 
described by Nagarkatti and Prakash (1974). The diet was cut in to 
small pieces, which were kept in vials or plastic cups or in petriplates. 
The young stages were kept into the groups. From 3"* stage, larvae were 
kept separately to prevent cannibalism. Fresh diet was provided from 
time to time. All the cultures were maintained at 27 + 1°C temperature. 
3.2 Maintenance of culture of different isolates of Beauveria 
bassiana: 
B. bassiana isolates used in these studies are listed in Table-I. 
The isolation of 5. bassiana fungus from natural host was done, first by 
surface sterilization of infected insect and then inoculation was done on 
agar plates containing sabouraud dextrose agar + 1% yeast extract 
medium (SDAY). Fungus was brought to the pure culture by single 
spore isolation on agar slants. The isolates received from different 
sources were first passed through their natural host and then brought to 
the pure culture by re-isolation (Plate-II, Fig. 1-5). Stock culture was 
Plate II: Isolation, purification and maintenance of culture of different 
isolates of Beauveria bassiana 
Fig 1 Pure culture of BB10 isolate (hyphal growth and sporulation on SDA 
medium) from larvae of bark eating caterpillar, Iridarhela sp (in petriplate). 
Fig 2 Culture on solid medium. Fig 3 Culture in liquid medium. Fig 4 & 
5 Culture of 10 different isolates maintained in SDA medium 
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maintained by sub-culturing in SDAY medium in culture tubes and 
stored at 6°C in refrigerator. Isolation was done under strict aseptic 
condition. Culture was incubated at 25 +1°C for 10 to 14 days for 
optimal growth. 
Table 1. Isolates of B. bassiana used for the study. 
Isolate No. Host Order/Family Stage Collection site 
BBl YoxQsX ^tsX,Sahyadrassus Lepidoptera Larva Peechi, Kerala 
malabaricus Moore. 
BB2 Gram pod borer, 
Helicoverpa armigera Hub. 
BB3 Bark eating caterpillar, 
Indarbela sp. 
BB4 Bark eating caterpillar, 
Indarbela sp. 
BBS Dead beetle of forest trees, 
Calopepla sp. 
BB6 Toon shoot and fruit borer, 
Hypsipyla robusta Moore. 
Lepidoptera/ Larva Aligarh, U.P. 
Noctuidae 
Lepidoptera/ Larva Lucknow, U.P. 
Indarbelidae 
Lepidoptera/ Larva Allahabad, U.P. 
Indarbelidae 
Coleoptera/ Adult Dehra Dun, U.P. 
Chrysomelidae 
Lepidoptera/ Larva Dehra Dun, U.P. 
Pyralidae & Pupa 
BB7 
BB8 
BB9 
Teak defoliator, Eutectona 
machaeralis Walker. 
Unknovvn 
Sugarcane root borer 
Emmalocera depressella 
Swinhoe. 
Lepidoptera/ 
Pyraustidae 
~ 
Lepidoptera/ 
Pyralidae 
Larva 
— 
Larva 
Raipur, M.P 
lARI, New r 
Haryana 
BB10 Bark eating caterpillar 
Indarbella sp. 
Lepidoptera/ Larva Aligarh, U.P. 
Indarbelidae 
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For preparation of culture, media was autoclaved at 15 lbs. 
pressure for 15 to 20 min. Streptomycin sulphate was used as antibiotic 
to check bacterial contamination in cultures. Mercuric chloride (0.01%) 
or sodium hypochlorite (0.5%) was used as disinfectant for bench top 
and surface sterilization of insects. 
3.3. Bioassay procedure: 
Two weeks old culture of B. bassiana on SDAY medium was 
taken for preparation of inoculum. Conidia were harvested by flooding 
the plates with sterile water containing 0.01 per cent triton X-100. 
Fungal mat was agitated with the help of a sterile needle while 
collecting the conidia. Suspension was filtered through fine nylon cloth. 
Homogenous suspensions were achieved by thoroughly blending the 
mixture using cyclomixer. The spore concentration was determined with 
the help of haemocytometer and adjusted to the 10^ conidia ml"' until 
and unless specified. 
For all experimental work, viability of pathogen was tested before 
its use. For this purpose, culture plates containing SDAY medium were 
prepared by evenly spreading 0.50 to 1 ml of inoculum and incubated 
for 36 to 48 hours. Samples were observed under microscope and 
viability was determined by the presence of 80-90 per cent germinating 
conidia. 
For all bioassay tests, preparation of inoculum and 
standardization of conidial concentrations were done in the manner as 
described above. In various bioassay tests different treatments were 
applied in a manner as described in the respective experiments. Control 
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was also maintained to ensure the reliability of tests. In control, insects 
were treated with 0.01 per cent sterile, aquous triton X-100. Treated and 
control insects were maintained on the respective diet in manner as 
described in the first experiment. Each replication comprised 10 
individuals until and unless specified. Mortality in control, at 10 per 
cent or below this level was not considered as significant. From the 
eight-day data, percentage insect mortality due to observable mycosis 
was calculated. 
3.4. Evaluation and characterization of different isolates of B. 
bassiana on the basis of their pathogenic potential to the test 
insects {Helicoverpa armigeruy Spodoptera litura and 
Spilosoma obliqua): 
Conidial suspensions of different concentrations ranging from 
2xl0^ 2xl0^ 2x10^ 2x10^ 2x10^ 2x10^ and 2x10^ condia mf' were 
standardized for each isolate of B. bassiana (Table-1). Third instar 
larvae of the above three pests were bioassayed for their susceptibility 
to the different isolates of B. bassiana. Larvae were inoculated by 
submerging them individually for 30 seconds for each treatment. After 
air drying, inoculated larvae were placed in petri plates lined with moist 
filter paper and supplied with food. Food was changed daily or as per 
requirement. Larvae ofS. litura and K armigera were kept individually 
in small plastic petridishes of 5 cm diameter or plastic tubes of 5 x 2 cm 
size. In case of S. obliqua, larvae of each replication were kept together 
in a petridish of 10 cm diameter size. Ten larvae were taken for each 
replication. Three to four replications were taken for each treatment as 
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specified in data Tables. Larvae were maintained at 27+l°C and daily 
observations were made to check the mortality during larval 
development. Dead larvae were kept in moist chamber for confirmation 
of mycosis. From the eight-day data cumulative percentage mortality 
was calculated for each replication. Pathogenic activity and comparative 
virulence of fungal isolates towards three pest species were established 
according to angular transformed values of variance and to the dosage 
and time mortality responses (LC50 and LT50 values) by probit analysis 
(Finne, 1971). Variations in virulence of different isolates at different 
concentrations were tested for significance by using two way analysis of 
variance (ANOVA). 
On the basis of results of above tests, BB-10 the most virulent 
isolate, found effective for all the three test species was selected for 
further studies as follows: 
3.5. Evaluation and characterization of different isolates of B. 
bassiana on the basis of physiological and morphological 
parameters: 
3.5.1. Effect of different synthetic nutrient media, pH and temperature on 
the growth oiB. bassiana: 
Effects of nutrition, pH and temperature were assessed on the 
basis of radial growth, fungal biomass and spore density. Following 
methodology was adopted for assessment of these growth parameters. 
Determination of radial growth: 
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Petri plates containing SDAY medium were prepared by evenly 
spreading 0.5 ml of the inoculum as prepared above, over the agar 
surface. Agar plugs were cut after six days incubation at 25 °C using a 
sterile 5 mm diameter cork borer. The control and treated plates were 
inoculated with these agar plugs in the centre. Mycelial growth was 
assessed periodically by measuring the colony diameter at right angles 
on each plate. For calculations, all the observations were recorded on 
10* day of inoculation. 
Determination of fungal biomass: 
For this purpose, fungus was grown on various liquid medium as 
listed in Table-2. For each replicate, 50 ml of liquid medium was 
aportioned in 250 ml conical flasks. These sterilized flasks were 
inoculated with an agar plug of 5 mm diameter, cut from 6 days old 
culture. The flasks were incubated for 9 days and mycelial mats were 
harvested on the 10th day by filtering through previously dried and 
weighed Whatman filter paper No. 1. Mycelial mats in the filter paper 
were dried at 60 °C temperature for 8 hr and weighed with the filter 
paper. Weight of fungal mat was calculated by subtracting the weight of 
filter paper. 
Determination ofconidial density: 
Spore density was estimated on the 14"" day of inoculation. On 
solid medium, discs of 5 mm diameter were cut and shaken for 1 minute 
in 2 ml of water + 0.01% triton X-100. From each treatment, aliquots of 
0.1 ml were taken and conidial concentration was determined with 
haemocyctometer. Conidial count in 1 ml was calculated. 
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Table 2. Synthetic media used for the laboratory studies. 
Media 
Cornmeal Agar 
Czapek (dox) Agar 
Malt Extract Agar 
Oatmeal Agar 
Potato Dextrose Agar 
Sabouraud Dextrose Agar 
Cornmeal broth 
Czapek (dox) broth 
Malt extract broth 
Oatmeal broth 
Potato dextrose broth 
Subouraud dextrose broth 
Contents 
Corn meal infusion from 
Agar 
Sucrose 
Sodium Nitrate 
Magnesium Sulphate 
Dipotassium Phosphate 
Potassium Chloride 
Ferrous Sulphate 
Agar 
Malt extract 
Mycological peptone 
Agar 
Oatmeal infusion from 
Agar 
Potato infusion from 
Dextrose 
Agar 
Dextrose 
Peptone 
Agar 
Cornmeal infiision from 
Sucrose 
Sodium Nitrate 
Magnesium Sulphate 
Dipotassium Phosphate 
Potassium Chloride 
Ferrous Sulphate 
Malt extract 
Mycological peptone 
Oatmeal infusion from 
Potatoes infusion from 
Dextrose 
Peptone 
Dextrose 
Composition/ 
Quantity (g/litre) 
50.00 
15.00 
30.00 
2.00 
0.50 
1.00 
0.50 
0.01 
15.00 
30.00 
5.00 
15.00 
20.00 
18.50 
200.00 
20.00 
15.00 
40.00 
10.00 
20.00 
50.00 
30.00 
3.00 
0.50 
1.00 
0.50 
0.01 
17.00 
3.00 
30.00 
200.00 
20.00 
10.00 
20.00 
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The following parameters were evaluated. 
Media: 
Radial growth of different isolates of B. bassiq.na was estimated 
on different culture media as listed in Table-2. Fungal growth was 
assessed as colony diameter, biomass and conidial density. 
pH: 
To study the effect of pH on growth of different isolates of B. 
bassiana, five pH levels (4.0 to 8.0) were used. Tfhe pH of culture 
medium was adjusted by adding N/10 HCl and N/llO NaOH with the 
help of indicator paper prior to autoclaving. Fungal grjDwth was assessed 
in the form of biomass. 
Temperature: 
For studying the effect of temperature on growth of B. bassiana 
isolates, six levels of temperatures (10, 15, 20, 25, 30, 35 and 40 °C) 
were tested. The petriplates containing the inoculated media were 
incubated at respective temperatures in an incubator. Fungal growth was 
assessed on the basis of colony diameter. 
For preparation of inoculum and culture mediurn for experiments 
related with pH and temperature, sabouraud dextrose i agar + 1% yeast 
extract or sabouraud dextrose broth medium + 1% yeast extract were 
used. All experiments were carried out at 25+1 °C temperature except in 
case of test at different temperatures. pH of medium Was maintained at 
near neutral for all the experiments except in case of test with different 
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pH. Four replications were taken for each treatment and control. Data of 
various treatments were analyzed by two way analysis of variance. 
Differences related with variations of growth parameters within each 
isolate and between different isolates were tested at 5 per cent level of 
significance. 
3.5.2. Study of morphological characters of J?, bassiana: 
Slides of conidia of different isolates of B. bassiana were 
prepared. Fungal material was mounted in lactophenol-cotton blue 
(LPCB). The slides were observed under photomicroscope and conidial 
dimentions were measured from photo micrographs (n =20, for each 
isolate). In addition morphological structure of BBIO isolate, was also 
investigated by scanning electron Microscopy. Variations were 
expressed as standard deviation of the mean diameter. 
3.6. Studies on the histopathology of H. armigera, S. litura and 
S. obliqua infected with BBIO isolate oiB. bassiana: 
Third instar larvae of S. obliqua were used for taking periodic 
histopathological observations. For this purpose, larvae were inoculated 
with spore suspension of BBIO isolate of 5. bassiana, containing 1x10^° 
conidia ml"^  of water by submerging larvae in suspension for 30 seconds 
and agitating them. These larvae were maintained in the manner as 
described above. Controls were treated with sterile water in a similar 
way. 
Two larvae were removed at 24, 48, 72, 96, 120 and 144 hours 
post inoculation, fixed in hot alcoholic Bouin's fluid for 5 minutes and 
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transferred to cold aqueous Bouin's fluid for 2 days. The larvae were 
dehydrated in ethyl alcohol series. Larvae were discoloured by giving 4-
5 wash in 70 per cent alcohol during dehydration. Embedding was done 
in paraffin wax. Transverse sections passing through the body of the 
larvae were cut at 3-5 micron and stained with haematoxylin-eosin. 
Photographs were taken using Olympus light microscope with 
photographic camera. Observation on growth and development of 
fungus inside the body of larvae was recorded. Photographs of ultra thin 
section of transverse section passing through the body and showing 
fungal infection in the insects were also taken under TEM. 
3.7. Studies on the susceptibility of different larval instars of H. 
armigera, S. litura and S. obliqua to BBIO isolate of B. 
bassiana at different inoculum levels: 
Different larval instars were inoculated by spraying of conidial 
suspensions ranging from lO'* to 10^ condia ml''. Control and treated 
insects were maintained at temperature of 25+1 °C. Three replications 
were taken for each treatment. Percentage mortality was recorded daily. 
Susceptibility was assessed as angular transformed values of cumulative 
mortality subjected to two way analysis of variance and dosage and time 
mortality responses by probit analysis. 
3.8. Studies on the influence of host plants on the susceptibility 
ofH. armigera, S. litura and S. obliqua to BBIO isolate oiB. 
bassiana: 
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In this experiment, larvae of three species of above pests from 
first stage to third stage were reared on four different host plants as 
listed below. Newly moulted fourth stage larvae were inoculated by 
spraying 1x10 conidia ml' of suspension and maintained on 
leaves/firuits of respective host plants at 25+1 °C. Five replications were 
taken for each treatment. Mortality was recorded daily. Susceptibility 
was expressed as time-mortality responses (LT50 values) and variations 
in susceptibility as per cent mortality were also tested for significance 
using one way analysis of variance. 
Pest species Host plant 
Gram pod borer 
{H. armigera) 
Pigeon pea {Cajanus cajan L.) 
Gram {Cicer arietinum L.) 
Pea {Pisum sativum L.) 
Tomato {Lycopersicum esculentum Mill.) 
Tobacco caterpillar 
{S. litura) 
Castor {Ricinus communis L.) 
Cabbage (Brassica oleracea var. capitata L.) 
Groundnut {Arachis hypogea L.) 
Cauliflower {Brassica oleracea var. botritis L.) 
The bihar hairy caterpillar Castor {Ricinus communis L.) 
{S. obliqua) Soybean {Glycine max Merr.) 
Japanese mint {Mentha arvensis Holms.) 
Cabbage {Brassica oleracea var. capitata L.) 
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3.9. Studies on the effect of different temperature on the 
susceptibility of H. armigera^ S, litura and S. obliqua to 
BBIO isolate oiB. bassiana: 
Third stage larvae of above pests were inoculated with 2-3 ml of 
7 1 • 
conidial suspension of 1 x 10 condia ml" by spraying larvae in a petri 
plate lined with filter paper with the help of a hand automizer. Ten 
larvae were taken together for each replication and sprayed. Three 
replications were taken for each treatment. For different treatments, 
larvae were incubated at different temperatures ranging from 15° to 35 
°C. Mortality was recorded daily. Susceptibility was expressed as time-
mortality responses (LT50 values) and variations in susceptibility as per 
cent mortality were also tested for significance using one way analysis 
of variance, 
3.10. Studies on the compatibility of BBIO isolate of B, bassiana 
with pesticides and bioagents: 
3.10.1. Effect of pesticides on the radial growth oiB. bassiana'. 
The pesticides included 13 insecticides, 13 fungicides, and 7 
neem based pesticides. The insecticides/fungicides and their dosage 
were taken as per recommendations for commercial use for control of 
horticultural pests including vegetables (Table-3 & 4). Three 
concentrations of each pesticide were employed at i4 x, 1 x and the 1-
1/2 x of recommended rates (x). In case of neem based pesticides, two 
concentrations of 0.25 and 0.5 per cent of formulations were tested. 
These were, Achook from Goderej Agrovet Ltd., Mumbai; Azadit from 
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Pesticides India Ltd., Udaipur; Nemadine SL from Jay Dee Chemicals, 
Bulandshahar; Neemguard from Gharda Chemicals Pvt. Ltd., Mumbai; 
Nimbecidine from T. Stanes & Co. Ltd., Coimbatore. 
Table 3. Insecticides used for experiments. 
Common name 
Carbaryl 
Chlorpyriphos 
Cypermethrin 
Deltamethrin 
Dimethoate 
Endosulfan 
Fenvalerate 
Kelthane 
Malathion 
Methyl-parathion 
Monocrotophos 
Phosphamedon 
Quinalphos 
Trade name & Formulation 
Kilex carbaryl 50 WP 
Dursban 20 EC 
RipcordlOEC 
Decis 2.8 EC 
Rogor 30 EC 
Thiodon 25 EC 
Fenval 20 EC 
Kelthane EC 
Cythion 50 EC 
Metacid 50 EC 
Nuvacron 36 SL 
Dimecron 85 EC 
Epalux 25 EC 
*Normal (x) concentration (%) 
0.20 
0.05 
0.005 
0.003 
0.02 
0.05 
0.01 
0.05 
0.10 
0.04 
0.05 
0.02 
0.05 
* Active ingredient (a.i.) basis. 
. The method used for testing the effect of pesticides on the growth 
of fungus was adapted from "Nene's poison food technique" (1982). 
Three replicates of each pesticide and check were taken. The calculated 
amount of fungicides were stirred into sterilized SDA + Y media at about 
40-45 °C and then 20 ml solutions were poured into sterile 100 mm 
petridishes and allowed to solidify. SDA + Y served as untreated check. 
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These agar plates were seeded with 5 mm disc cut from the edges of 
actively growing fungus culture at the centre of the dish. Sterile cork 
borer was used for cutting the disc. The inoculated plates were then 
incubated at a temperature of 25+1 °C. Plates from each treatment were 
kept inside polythene bags and sealed, so as to maintain humidity and 
also to reduce any possible effects from volatile pesticides. Mycelial 
growth was assessed by measuring the colony diameter at 4"^ , 8^*^  and 12* 
day of inoculation (average of two measurements made at right angles). 
Table 4. Fungicides used for experiments 
Common name 
Benomyl 
Captan 
Carbendazim 
Copper oxychloride 
Dinocap 
Dodine (N-dodecyl-guanidine 
acetate) 
Mancozeb 
Sulphur 
Thiophanate Methyl 
Thiram (Tetramethyl-thiuram 
disulfide) 
Tricyclazole 
Tridemorph 
Zineb 
Trade name & formulation 
Benlate 50WP 
Captan 50 WP 
Bawistin 50 WP 
Blitox 50 WP 
Karathane 48EC 
Cyprex 65 WP 
Dithane M-45/75 WP 
Sulphex 80 WP 
Topsin M 70WP 
Thiram 75 WP 
Beam 75 WP 
Calixin 75 EC 
Indofil Z-78 (Dithane Z-78) 
•Normal (x) 
concentration (%) 
0.20 
0.10 
0.20 
0.20 
0.10 
0.10 
0.20 
0.20 
0.10 
0.20 
0.10 
0.10 
0.10 
•Formulation basis. 
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Data were statistically analyzed for analysis of variance and 
results compared at 5% level of significance. Growth diameter at 
different treatments and time after inoculation was compared. Data were 
also compared on the basis of percentage inhibition in growth diameter 
between different treatments and between different concentrations on 
the basis of two way analysis of variance. Average of three observations 
was taken for calculation of percentage inhibition. 
3.10.2. Effect of JB. bassiana on some insect predators: 
For this experiment two laboratory trials were conducted: 
In the first laboratory trial, the most promising isolate BBIO was 
bioassayed, against some common insect predators of vegetable pests to 
study their relative susceptibility to B. bassiana. These were, Brumoides 
suturalis (F.), Coccinella septempunctata (L.), C. transversalis (L.) and 
Menochilus sexmaculatus (F.), the coccinellid beetles and Episyrphus 
sp., the syrphid fly. Twenty adults per treatment were taken for 
coccinellid predators and 20 larvae per treatment were taken for syrphid 
predators. Insects were treated with concentrations of 1 x 10^ conidia 
ml"'. Mortality was recorded daily and fresh food supplied. Mortality 
percentage, percentage of observed infection and time for kill was 
calculated for comparison of results. 
In the second trial pathogenicity test was conducted with BBIO 
isolate on third instar grubs, freshly formed pupae and freshly emerged 
adults of C. septempunctata. For each stage of the insect, three 
replications of 10 individuals each were taken. Insects were treated with 
different concentrations ranging from 10^  to lO' conidia mf of 
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suspension. Data were recorded on mortality and fungal infection in 
different stages daily. Eight-day data on angular transformed values of 
per cent mortality in different stages of the predator was subjected to 
one way analysis of variance and treatments means were compared on 
the basis of critical differences. LC50 and LT50 values were calculated by 
following probit analysis for comparison of susceptibility of different 
stages to B. bassiana. 
For all the above trials, Predators (larvae, pupae and adults as 
required) were collected from the heavily infested cabbage fields of 
local farmers. The cabbage aphids were provided as food. Healthy 
insects were inoculated with conidial suspensions of sterile aqueous 
0.01 per cent triton X-100, by submerging and agitating them for 30 
seconds and maintaining them in petriplates as described earlier. Test 
insects were maintained at 25+1 °C. 
3.11. Studies on the host range of BBIO isolate oiB. bassiana: 
A number of insect pests from various agricultural, horticultural 
and forestry crops belonging to various groups i.e. Coleoptera, Diptera, 
Hemiptera, Lepidoptera etc. were screened to study the spectra of 
activity of BBIO isolate of B. bassiana (Table-5). Insects were 
inoculated by submerging them in conidial suspensions of 0.5x10'' 
conidia ml"^  and maintained at 25+1 °C temperature. The minute, fragile 
insects like aphids were inoculated in a bit different way. They were 
kept in small plastic petriplates, the base of which was cut and lined 
with fine nylon mesh. The petriplate with insect was dipped in conidial 
suspension for 30 seconds and taken out and excess of water was 
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absorbed on filter paper. Treated insects were transferred in petriplates 
containing food from respective host plant. Mortality percentage of 
insect and time taken for kill were calculated. LT50 values were also 
calculated for determining their relative susceptibility to BBIO isolate of 
B. bassiana. 
Table 5. Neem based pesticides used for experiments. 
Trade name 
Achook 
Azadit 
Neemark 
Neemguard 
Neem oil 
Nemadine SL 
Nimbecidine 
Formulation 
0.5% Azadiradione Nimbocinol 
& Epinimbocinal 
0.30% Azadirachtin 
0.03% Azadirachtin 
0.03% Azadirachtin 
0.03% Azadirachtin 
50.0%) Neem extract 
0.03%) Azadirachtin 
•Concentration tested 
0.25/0.50 
0.25/0.50 
0.25/ 0.50 
0.25/0.50 
0.25/ 0.50 
0.25/ 0.50 
0.25/0.50 
•Formulation basis 
3.12. Screening of different substrates for mass multiplication of 
BBIO isolate oiB. bassianai 
Screening of different grains: 
Grains used for these studies were rice {Oryza sativa L.), maize 
(Zea mays L.), pearl millet {Pennisetum typhoidium L.), sorghum 
{Sorghum vulgare Pers.), wheat {Triticum aestivum L.), barley {Hordeum 
vulgare L.), oat (Avena sativa L.) and gram {Cicer arietinum L.). 
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Broken grains were washed and soaked in water for 10 hrs. 
Excess water was drained off and the seeds were dried on blotting 
paper. Fifteen grams of each of these substrates were kept in 100 ml 
Erlenmeyer conical flasks and autoclaved at 15 lbs for 20 minutes. After 
autoclaving, the flasks were shaken vigorously to separate the wet 
grains to provide maximum surface area for growth of the fiingus. The 
autoclaved grains were inoculated with 1 ml of suspension containing 1 
X 10^  conidia mV\ Three replications were taken for each treatment. The 
flasks were shaken periodically to promote the uniform growth of the 
ftingus. Flasks were incubated at 25 +1 °C for two weeks. 
Fungal growth was measured in terms of spore load. For 
determination of spore load, one gram of the substrate was shaken 
vigorously in 50 ml of 0.01 per cent sterile, acquous triton x-100, 
filtered and spore count was made using a haemocytometer. For making 
homogenous conidial suspension, rotary mixer was used. 
Spore load per gram (SLPG) may also be estimated by using the 
following formula: 
N x V x 10,000 
SLPG = 
W 
N = Number of spores in central square of haemocytometer 
V = Volume of the mounting fluid added to the substrate. 
W - Weight of grains. 
Data on spore load were subjected to analysis of variance. 
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Screening of byproducts/waste material: 
Some waste materials, i.e., saw dust, rice bran, rice husk and 
wheat husk, were tested as substrate for growth and development of B. 
bassiana. Rice husk, rice bran, wheat husk and saw dust were collected 
from various factories/ local market. These waste materials were soaked 
in water for 6 hr and excess of water was removed by spreading them on 
blotting sheet. Fifteen grams of moistened substrates were placed in 100 
ml conical flasks and autoclaved. Flasks were inoculated with conidial 
suspension as described above. Flasks were incubated for 2 weeks and 
spore load was determined as described above. 
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RESULTS 
4.1. Evaluation and characterization of different isolates of 
Beauveria bassiana on the basis of their pathogenic potential 
to the test insects {Helicoverpa armigera, Spodoptera litura 
and Spilosoma obliqua): 
Relative virulence of different isolates ofB. bassiana to H. armigera 
Results of bioassays in which isolates of B. bassiana applied at 
different concentrations are presented in Table-6. Data show that all the 
10 isolates were able to infect 3'^ '' -stage larvae of//, armigera at varying 
concentrations in the laboratory. But their virulence varied from 47.50 
per cent mean larval mortality for BB6 isolate to 77.08 per cent mean 
larval mortality for BBIO isolate. Mean larval mortality for BBIO and 
BB2 isolates were found at par but significantly different from other 
isolates at 5 per cent level of significance when all the concentrations are 
considered together. In all, 10 isolates in descending order of 
pathogenicity were BBIO, BB2, BB4, BBl, BB3, BBS, BBS, BB7, BB9 
and BB6. Except isolates (BBIO & BB2 and BBS & BBS), all other 
isolates were found significantly different from each other. Increasing 
concentrations resulted in increasing mortality in all the isolates. 
Significant differences were found in treatments of different 
concentrations at lower level of 2x10'* to 2x10^ conidia ml'' when all the 
isolates are considered together. Higher dosage level of 2x10^ and 2x10^ 
conidia ml"' were found at par resulting in mortality percentage of 70-100 
in different isolates. Isolates BBIO, BB2, BB4, BBl, BBS and BBS 
resulting in mean mortality percentage of 69.S8 to 77.08, are considered 
as more aggressive. 
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Table 6. Comparison of per cent mortality of third instar larvae of H. armigera 
exposed to ten isolates of ^ . bassiana at different concentrations 
Isolates 
BBl 
BB2 
BB3 
BB4 
BBS 
BB6 
BB7 
BBS 
BB9 
BBIO 
Mean 
10^  
52.50 
(46.44) 
47.50 
(43.56) 
45.00 
(42,12) 
52.50 
(46.44) 
35.00 
(36.22) 
22.50 
(28.23) 
27.50 
(31.55) 
22.50 
(28.23) 
37.50 
(37.73) 
27.50 
(31.50) 
37.00 
(37.21) 
*Mean % mortality (2 x lON 
10= 
60.00 
(50.83) 
62.50 
(52.27) 
55.00 
(47.88) 
55.00 
(47.88) 
50.00 
(45.00) 
32.50 
(34.72) 
45.00 
(42.12) 
52.50 
(46.44) 
45.00 
(42.12) 
62.50 
(52.27) 
52.00 
(46.15) 
C D 
Between isolates 
Between concentrations 
Interaction 
10* 
72.50 
(58.45) 
72.50 
(58.45) 
67.50 
(55.44) 
65.00 
(53.78) 
62.50 
(52.27) 
40.00 
(39.23) 
52.50 
(46.44) 
57.50 
(49.33) 
57.50 
(49.33) 
72.50 
(58.45) 
62.00 
(52.12) 
. (P = 0.05) 
2.64 
2.04 
6.47 
10^  
75.00 
(60.11) 
80.00 
(63.43) 
75.00 
(60.11)-
77.50 
(61.77) 
70.00 
(56.79) 
50.00 
(45.00) 
77.50 
(61.77) 
72.50 
(58.45) 
62.50 
(52.34) 
100.00 
(90.00) 
74.00 
(60.98) 
C D . (P = 
3.61 
2.80 
8.86 
lonidia ml' 
10" 
87.50 
(72.11) 
100.00 
(90.00) 
97.50 
(85.39) 
100.00 
(90.00) 
100.00 
(90.00) 
70.00 
(56.95) 
92.50 
(78.75) 
97.50 
(85.39) 
77.50 
(61.77) 
100.00 
(90.00) 
92.25 
(80.04) 
= 0.01) 
') 
10' 
95.00 
(80.78) 
100.00 
(90.00) 
92.50 
(76.17) 
100.00 
(90.00) 
100.00 
(90.00) 
70.00 
(57.10) 
85.00 
(67.87) 
92.50 
(76.17) 
85.00 
(67.50) 
100.00 
(90.00) 
89.75 
(78.56) 
Mean 
73.75 
(61.45) 
77.08 
(66.29) 
72.08 
(61.19) 
75.00 
(64.98) 
69.58 
(61.71) 
47.50 
(43.54) 
63.33 
(54.75) 
65.83 
(57.34) 
60.83 
(51.80) 
77.08 
(68.71) 
(Figures in parenthesis arc angular transformed values.) 
No mortality attributed to the infection by B. bassiana occurred in control. 
*Mean of four replications 
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Probit analysis of dose-mortality relationship for H. armigera 
alongwith the mean lethal concentrations for the 10 isolates are presented 
in Table-7. Data revealed that the LC50 values ranged from 0.30x10^ 
conidia ml"' to BBIO to 116.63x10^ conidia ml"' to BB6. Ten isolates in 
descending order of virulence based on LC50 estimates were BBIO, BB2, 
BB3, BB4, BBl, BB5, BBS, BB9, BB7 and BB6. Isolates BBIO, BB2, 
BB3 and BB4 (with LC50S at less than 1x10^ conidia ml"') may be 
considered as superior. 
Table 7. Relative virulence of ten isolates of B. bassiana against third instar larvae of 
H. armigera based on LCso-s 
Isolates 
BBl 
BB2 
BB3 
BB4 
BB5 
BB6 
BB7 
BBS 
BB9 
BBIO 
Chi^ (6) 
3.69 
2.90 
1.06 
4.44 
4.54 
1.14 
4.75 
7.40 
0.52 
3.34 
Regression equation 
Y= 1.4578 +0.6982 X 
Y = 3.1003 +0.4120 X 
Y = 2.4637 +0.5431 X 
Y = 3.2258 +0.3741 X 
Y = 2.6044 + 0.4439 X 
Y = 3.0926 +0.2698 X 
Y = 2.6495 + 0.4097 X 
Y = 2.3303 + 0.4720 X 
Y = 3.4781+0.2690 X 
Y = 3.5351+0.3268 X 
LC50 
[condial ml'') x 
1.18 
0.40 
0.46 
0.55 
2.49 
116.67 
5.45 
4.52 
4.52 
0.30 
Fiducial limits 
10^  (95%) 
0.53-2.60 
0.08-1.81 
0.14-1.44 
0.11-2.65 
0.83 - 7.39 
28.33-480.01 
1.80-16.47 
1.68-12.13 
0.84-41.07 
0.04-2.15 
Y= Probit kill, X= Log dose. 
Table-8 shows that the estimates of mean lethal time ranged from 
86.18 hr to BBIO to 165.50 hr to BB6 at 2x10^ conidia ml"'. The isolates 
in descending order of LT50S were BBIO, BBS, BB4, BBl, BB2, BB7, 
BB5, BB3, BB9 and BB6. Results also revealed that order of virulence 
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based on LT50S do not exactly match with the order of virulence based on 
LC50S and percentage mortality. 
Table 8. Relative virulence of ten isolates of B. bassiana against third instar larvae 
ofH. armigera based on LTso-s 
Instars 
BBl 
BB2 
BB3 
BB4 
BBS 
BB6 
BB7 
BBS 
BB9 
BBIO 
Chi^  (6) 
0.57 
2.39 
0.96 
2.27 
3.44 
0.43 
1.64 
3.56 
1.87 
6.47 
* at 2 X 10^  conidia ml' 
Y=Probit kill, X= Log 
Regression equation 
Y = -2.12 +3.50 X 
Y = -3.39 + 4.11X 
Y = -4.04 +4.39 X 
Y = -3.84 +4.36 X 
Y = -3.73 +4.26 X 
Y = -5.80 +4.87 X 
Y = -4.30 +4.55 X 
Y = -1.92 +3.50 X 
Y = -6.78 +5.41 X 
Y = -6.61+6.00 X 
1 
time. 
*LT5o 
(hr) 
108.61 
110.36 
114.51 
106.40 
112.42 
165.50 
110.88 
95.11 
150.55 
86.18 
Fiducial limits 
(95%) 
96.45 -122.30 
99.29 -122.67 
103.65-126.51 
96.49-117.32 
101.77-124.19 
147.60-185.58 
100.02-121.91 
84.23 -107.41 
137.36-165.02 
78.97 - 94.05 
Relative virulence of different isolates ofB. bassiana to S. litura 
Results of bioassays in which isolates of B. bassiana applied at 
different concentrations are presented in Table-9. Data show that all the 
10 isolates were able to infect 3'^ ''-stage larvae of S. litura at varying 
concentrations. But their virulence varied from 26.11 per cent mean 
larval mortality for BB9 isolate to 52.79 per cent mean larval mortality 
for BBIO isolate when all the concentrations are considered together. 
BBIO isolate causing highest mean mortality, was found significantly 
different from all other isolates at 5 per cent level of significance. In all 
10 isolates in descending order of pathogenicity were BBIO, BB7, BBl, 
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Table 9. Comparison of per cent mortality of third instar larvae ofS. litura exposed to 
ten isolates ofB. bassiana at different concentrations 
Isolate 
BBl 
BB2 
BB3 
BB4 
BBS 
BB6 
BB7 
BBS 
BB9 
BBIO 
Mean 
10^ 
20.00 
(26.57) 
10.00 
(18.43) 
23.33 
(28.78) 
13.33 
(23.85) 
13.33 
(21.14) 
16.67 
(23.85) 
16.67 
(23.85) 
20.00 
(26.57) 
6.67 
(12.29) 
26.67 
(31.00) 
16.67 
(23.63) 
*Mean % mortality (2x10" conidia ml'') 
10^  
30.00 
(33.21) 
13.33 
(21.14) 
30.00 
(33.21) 
30.00 
(33.21) 
16.67 
(23.85) 
26.67 
(31.00) 
30.00 
(33.21) 
33.33 
(35.21) 
13.33 
(21.14) 
36.67 
(37.22) 
26.00 
(30.24) 
CD. 
Between isolates 
Between concentrations 
Interactions 
10^ 
40.00 
(39.23) 
20.00 
(26.57) 
36.67 
(37.22) 
43.33 
(41.15) 
26.67 
(31.00) 
33.33 
(35.22) 
43.33 
(41.15) 
36.67 
(37.23) 
20.00 
(26.57) 
46.67 
(43.08) 
34.67 
(35.84) 
= 
10' 
50.00 
(45.00) 
30.00 
(33.21) 
53.33 
(46.92) 
53.33 
(46.92) 
43.33 
(41.15) 
43.33 
(41.15) 
53.33 
(46.92) 
40.00 
(39.23) 
26.67 
(31.00) 
50.00 
(45.00) 
44.33 
(41.65) 
(P = 0.05) 
2.29 
1.77 
5.61 
10^ 
63.33 
(52.78) 
40.00 
(39.23) 
60.00 
(50.77) 
63.33 
(52.79) 
53.33 
(46.92) 
46.67 
(43.08) 
60.00 
(50.85) 
63.33 
(52.78) 
36.67 
(37.22) 
73.33 
(59.00) 
60.00 
(48.54) 
(P = 0. 
3.1: 
2.42 
1.61 
10^ 
76.67 
(61.22) 
53.33 
(46.92) 
63.33 
(52.78) 
76.67 
(61.22) 
60.00 
(50.77) 
60.00 
(50.77) 
16.61 
(61.22) 
70.00 
(57.00) 
53.33 
(46.92) 
83.33 
(66.14) 
67.33 
(55.47) 
01) 
! 
1 
Mean 
46.66 
(43.00) 
29.44 
(30.92) 
44.44 
(41.61) 
46.66 
(43.19) 
35.55 
(35.80) 
37.78 
(37.51) 
46.67 
(42.86) 
43.89 
(41.34) 
26.11 
(29.19) 
52.79 
(46.91) 
(Figures in parenthesis are angular transformed values) 
No mortality attributed to the infection by B. bassiana occurred in control. 
*Mean of three replications. 
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BB4, BB3, BBS, BB6, BBS, BB2 and BB9. Isolates BB7, BB4, BBl and 
BB3 were found at par with each other. BBIO was the only isolate 
causing more than 50 per cent mortality. Studies also revealed that 
mortality increased with increasing concentrations. However, significant 
differences were found in treatments of different concentrations when all 
the isolates are considered together. In this case the isolates can be 
compared for their pathogenicity at the highest dose level (2 x 10^  
conidia/ml) resulting in comparatively higher mortality of larvae. At this 
concentration the first four isolates mentioned above, caused 76.67 to 
83.33 per cent mortality. These isolates were found at par with each other 
and may be considered as more aggressive for this pest. 
Probit analysis of dose-mortality relationship for S. litura along 
with the estimates of mean lethal concentrations for the 10 isolates are 
presented in Table-10. 
Table 10. Relative virulence of B. bassiana against third instar larvae of S. litura 
based on LCsos 
Isolate 
BBl 
BB2 
BB3 
BB4 
BBS 
BB6 
BB7 
BBS 
BB9 
BBIO 
Chi^(4) 
0.17 
0.02 
0.30 
0.24 
1.01 
0.26 
1.06 
1.39 
0.18 
1.39 
Regression equation 
Y = 2.8320 +0.3130 X 
Y = 2.3113 +0.3036 X 
Y = 3.0994 +0.2719 X 
Y = 2.8204+ 0.3187 X 
Y = 2.6308 +0.2993 X 
Y = 3.1916 +0.2244 X 
Y = 2.6901 + 0.2700 X 
Y = 3.0985 +0.2635 X 
Y = 2.3232 +0.2977 X 
Y = 3.0937 +0.3023 X 
LC50 
(conidia ml"') x 
84.28 
7133.28 
97.43 
68.77 
820.81 
1137.60 
3593.80 
163.50 
9781.55 
20.17 
Fiducial limits 
10^  (95%) 
1.98-357.79 
653.99-77804.00 
16.91 -507.88 
16.84-280.83 
133.47 - 5047.80 
93.20-13085.00 
177.82-13182.00 
28.31 -944.08 
788.82 -12543.00 
4.56 - 88.95 
Y= Probit kill, X= Log dose. 
These results show that the LC50 values ranged from 20.17x10 
conidia ml'^  to BBIO to 9781.55x10^ conidia ml"' to BB9 isolates. Ten 
isolates in descending order of virulence based on LC50 estimates were 
BBIO, BB4, BBl, BBS, BBS, BBS, BB6, BB7, BB2 and BB9. However, 
isolates BBIO (20.17x10^ conidia ml''), BB4 (68.77x10^), BBl 
(84.28x10^) and BB3 (97.43x10^ conidia ml'') (LC50S at less than 
100x10^ conidia ml'') are considered as more virulent for this pest. 
Table-11 shows that the estimates of mean lethal time ranged from 
154.43 hr to BB4 to 307.83 hr to BB9 isolates at 2x10^ conidia ml"'. Ten 
isolates in descending order of LT50S were BB4, BB3, BBS, BBl 0, BBl, 
BBS, BB9, BB6, BB2 and BB7. In this case also, the results show that 
order of virulence based on LT50S do not exactly match with the order of 
virulence based on LC50S and percentage mortality. 
Table 11. Relative virulence often isolates of B. bassiana against third instar larvae 
of 5. litura based on LT50S 
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Isolate 
BBl 
BB2 
BB3 
BB4 
BBS 
BB6 
BB7 
BBS 
BB9 
BBIO 
Ch'(6) 
1.30 
1.31 
2.36 
1.07 
1.88 
1.77 
1.72 
1.54 
0.83 
1.67 
Regression equations Y = 
-0.73 + 2.56x 
-1.78 + 2.83X 
-2.20 +3.26x 
-0.45 + 2.49x 
-1.51+2.89X 
-1.08 + 2.64X 
-0.08 + 2.04X 
-3.16 + 3.68X 
-0.77 + 2.53X 
-5.05 + 4.53X 
*LT5o (hr.) 
173.09 
248.75 
161.65 
154.43 
178.89 
200.92 
309.17 
164.96 
190.92 
165.41 
Fiducial limits (95%) 
140.00-215.12 
181.01-342.76 
138.74-190.86 
127.96-189.70 
146.88-216.73 
157.59-255.38 
193.66-489.34 
141.96-189.58 
149.84-243.26 
146.66-186.56 
Y = Probit kill, X = Log time 
* at 2x10^  conidia ml'' 
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Relative virulence of different isolates ofB. bassiana to S. obliqua 
Results of bioassays in which isolates of B. bassiana appUed at 
different concentrations are presented in Table-12. These data show that 
all the 10 isolates were able to infect 3'^ '' -stage larvae of S. obliqua at 
varying concentrations. But their virulence varied from 51.12 per cent 
mean larval mortality for BBS to 81.12 per cent mean larval mortality for 
BBIO isolates. BBIO isolate, causing highest mean mortality, was found 
significantly different from all other isolates at 5 per cent level of 
significance. In all 10 isolates in descending order of pathogenicity were 
BBIO, BBS, BB4, BBl, BB3, BB9, BB7, BB2, BB6 and BBS for this 
pest. Isolates BBS and BB4 and isolates BBl, BBS, BB9, BB7 and BB2 
were found at par with each other. In this case also, per cent mortality 
increased with increasing concentrations. Significant differences were 
noticed in per cent mortality at lower concentrations ranging from 2x10 
to 2x10^ conidia ml'' when all the isolates are considered together. 
However, mean mortality percentages of larvae were found at par at 
higher concentrations of 2x10 and 2x10 conidia ml' as reported in case 
of//, armigera also. Isolates BBIO, BBS, and BB4 causing more than 70 
per cent mortality may be considered as more aggressive isolates. Except 
BBS, all other isolates caused more than 70 per cent mortality at highest 
concentrations of 2x10^ conidia ml"'. 
Probit analysis of dose-mortality relationship for S. obliqua 
alongwith the estimates of mean lethal concentrations for the 10 isolates 
are presented in Table-13. These data show that the LC50 values ranged 
from 0.06x10^ conidia ml"' to BBIO to 177.83x10^ conidia ml"' to BB6 
isolates. Ten isolates in descending order of virulence based on LC50 
estimates were BBIO, BBS, BB2, BB7, BB4, BB9, BBl, BBS and BB6. 
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Table 12. Comparison of per cent mortality of third instar larvae of S. obliqua 
exposed to ten isolates of ^ . bassiana at different concentrations 
Isolates 
BBl 
BB2 
BB3 
BB4 
BBS 
BB6 
BB7 
BBS 
BB9 
BBIO 
Mean 
10^  
36.66 
(37.23) 
46.66 
(43.08) 
46.66 
(43.08) 
46.66 
(43.08) 
40.00 
(39.23) 
33.33 
(35.22) 
46.66 
(41.15) 
56.66 
(48.85) 
43.33 
(41.15) 
56.66 
(48.85) 
45.33 
(42.09) 
*Mean % 
40^ 
43.33 
(41.15) 
56.66 
(48.85) 
56.66 
(48.85) 
56.66 
(48.85) 
40.00 
(39.23) 
40.00 
(39.23) 
56.66 
(48.85) 
56.66 
(48.85) 
53.33 
(46.92) 
66.66 
(54.78) 
52.66 
(46.56) 
mortality (2 x lO'^  conidia ml"') 
10^  
63.33 
(52.78) 
53.33 
(46.92) 
56.66 
(48.85) 
66.66 
(54.78) 
46.66 
(43.08) 
46.66 
(43.08) 
63.33 
(52.78) 
66.66 
(54.78) 
63.33 
(52.78) 
80.00 
(63.43) 
60.66 
(51.32) 
10^  
76.66 
(61.22) 
73.33 
(59.00) 
70.00 
(57.00) 
70.00 
(56.79) 
56.66 
(48.85) 
56.66 
(48.85) 
63.33 
(52.78) 
83.33 
(66.14) 
66.66 
(54.99) 
90.00 
(75.00) 
70.66 
(58.06) 
10^  
93.33 
(75.00) 
76.66 
(61.22) 
80.00 
(63.93) 
93.33 
(77.71) 
63.33 
(52.78) 
63.33 
(52.78) 
73.33 
(59.00) 
93.33 
(83.85) 
73.33 
(59.00) 
100.00 
(90.00) 
81.00 
(67.53) 
10^ 
83.33 
(66.14) 
73.33 
(59.00) 
83.33 
(66.14) 
96.66 
(83.85) 
60.00 
(50.85) 
70.00 
(56.79) 
83.33 
(66.14) 
86.66 
(68.85) 
86.66 
(68.85) 
93.33 
(77.71) 
81.66 
(66.44) 
Mean 
66.12 
(55.59) 
55.55 
(53.01) 
65.55 
(54.64) 
71.66 
(60.84) 
51.12 
(45.67) 
51.66 
(45.99) 
64.44 
(53.45) 
73.88 
(61.89) 
64.44 
(53.95) 
81.12 
(68.30) 
CD. 
Between isolates 
Between concentrations 
Interaction 
(P = 0.05) 
= 3.28 
= 2.54 
= 8.04 
(P = 0.01) 
4.49 
3.48 
11.01 
(Figures in parenthesis are angular transformed value) 
No mortality attributed to the infection by B. bassiana occurred in control 
*Mean of three replications. 
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However, first 6 isolates (LC50S of less than 10x10^ conidia ml'^) are 
considered as more virulent for this pest. 
Table 13. Relative virulence of different isolates of B. bassiana against third instar 
larvae of 5. obliqua based on LCso 
Isolates 
BBl 
BB2 
BB3 
BB4 
BB5 
BB6 
BB7 
BB8 
BB9 
BBIO 
Chi^  (4) 
3.19 
2.07 
0.64 
3.72 
0.74 
0.84 
0.68 
3.03 
0.71 
2.45 
Regression equation 
Y = 3.2653 +0.3223 X 
Y = 4.2572 +0.1612 X 
Y = 3.9881 + 0.2120 X 
Y-3.2948 +0.3515 X 
Y = 4.1450 +0.1302 X 
Y = 4.1300 +0.1200 X 
Y = 4.1588 +0.1802 X 
Y = 3.9555 +0.2570 X 
Y = 3.8418 +0.2284 X 
Y = 3.7125 +0.3397 X 
LC50 
2.40 
0.42 
0.59 
0.71 
36.49 
177.83 
0.46 
0.11 
1.17 
0.06 
Fiducial limits 
4.27-135.41 
0.055-296.71 
0.26-134.25 
1.08-40.25 
13.47-9882.48 
26.30-3311.31 
0.10-209.09 
0.04 - 29.64 
0.82 -167.22 
0.04 - 9.40 
Y= Probit kill, x= Log dose. 
Table-14 shows that the estimates of mean lethal time ranged from 
86.80 hr to BBIO to 179.98hr to BBS isolates at 2x10'' conidia m\'\ Ten 
isolates in descending order of LT50S were BBIO, BBS, BB8, BBl, BB4, 
BB2, BB9, BB6, BB7 and BBS. Order of virulence based on LT50S 
differed from order of virulence based on LC50S and percentage mortality 
in this case also. 
\H. armigera 
•H. armigera 
350.00 
ZZ3 S. litura 
-m- S. litura 
IS, obliqua 
S. obliqua 
90.00 
300.00 -
250.00 - -
<u 200.00 
(0 
> 
-I 150.00 + 
100.00 
50.00 - -
80.00 
- - 70,00 
Isolates of B. bassiana 
Relative efficacy of different isolates of B. bassiana 
to 3rd instar larvae of test insects 
Fig. 1 
Plate III: Healthy (a) and Beauveria bassiana infected (b) larvae of test insects 
Fig 1 Helwthis armigera. Fig 2 Spodoptera litura. Fig 3 Spilosoma ohhqua 
Table 14. Relative virulence of ten isolates of B. bassiana against third instar 
larvae ofS. obliqua based on LTsos 
Isolate 
BBl 
BB2 
BB3 
BB4 
BBS 
BB6 
BB7 
BB8 
BB9 
BBIO 
Ch'(6) 
0.79 
6.29 
2.91 
4.04 
1.73 
1.51 
1.38 
1.33 
0.82 
3.56 
Regression equation y -
-2.05 + 3.49 
-2.59 + 3.73 
-0.23+2.66 
-1.18 + 3.05 
-0.39 + 2.39 
-0.39 + 2.54 
-4.35 + 4.40 
-2.25 + 3.68 
-4.67 + 4.57 
-2.79 + 4.02 
*LT5o 
(hr.) 
105.05 
108.57 
92.50 
106.22 
179.98 
132.45 
133.53 
93.50 
130.61 
86.80 
Fiducial limits 
(95%) 
92.81-118.30 
95.50-120.23 
79.43-107.15 
91.20-120.23 
141.25-223.87 
109.65-154.88 
120.23-147.91 
81.28-104.71 
117.49-144.54 
77.62-95.50 
Y = Probit kill, X = log time 
*at2xl0'conidiamr' 
The above findings indicate towards vast variation in virulence of 
different isolates. Simultaneously the results also indicate to vast 
variation in susceptibility of different test species to different isolates of 
B. bassiana (Fig. 1). Larvae of the test species showing infection of 5. 
bassiana is depicted in Plate-Ill, Fig. 1-3. On the basis of these results 
BBIO isolate may be considered as most virulent towards three test-
species. This isolate was therefore, selected for the detailed studies as 
follows. 
4.2. Evaluation and characterization of different isolates of B. 
bassiana on the basis of physiological and morphological 
parameters: 
4.2.1. Effect of different synthetic nutrient media, pH and temperature on 
the growth oiB. bassiana: 
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Effect of different synthetic nutrient media: 
Culture media was assessed on the basis of the different growth 
parameters (colony diameter, conidial production and fungal biomass). 
Except between MEA and CMA, significant differences in radial growth 
were noticed among the various media tested for culture of B. bassiana. 
However, SDA proved the best medium, registering highest average 
colony diameter of 36.77 mm (Table-15). 
Table 15. Effect of different synthetic nutrient media on colony growth of different 
isolates of ^ . bassiana 
Isolates 
BBl 
BB2 
BB3 
BB4 
BBS 
BB6 
BB7 
BBS 
BB9 
BBIO 
Mean 
PDA 
36.50 
35.50 
30.45 
35.50 
30.63 
28.50 
26.50 
25.31 
28.00 
38.00 
31.49 
SDA 
41.50 
39.75 
35.00 
36.38 
33.00 
32.38 
35.73 
39.81 
28.88 
45.31 
36.77 
Colony diameter (mm) 
CDA 
37.50 
38.00 
37.00 
34.25 
26.13 
28.00 
30.50 
38.56 
26.06 
39.38 
33.54 
MEA 
34.63 
36.50 
27.55 
28.88 
24.63 
30.38 
34.38 
28.69 
27.30 
37.06 
30.99 
CMA 
34.75 
32.88 
26.25 
32.00 
29.00 
31.13 
33.69 
31.94 
21.38 
35.25 
30.83 
OMA 
31.63 
27.75 
24.50 
24.75 
23.75 
27.25 
24.10 
30.50 
23.81 
30.94 
26.89 
Mean 
36.08 
35.06 
30.13 
31.96 
27.85 
29.60 
30.81 
32.47 
25.90 
37.66 
CD (P = 0.05) 
Between isolates = 0.27 
Between media = 0.97 
Interaction = 0.65 
When isolates were compared individually the colony diameter 
was found significantly higher in SDA as compared to other media for all 
the isolates except BB3 (ranging from 28.88 to 45.31 mm). Isolate BB3 
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had significantly higher growth (37.00 mm colony diameter) in Czapek 
(dox) agar. The SDA medium was followed by CDA, PDA, MEA, CMA 
and OMA in descending order of growth (Fig. 2). Two way analysis of 
variance also showed significant differences in growth of different 
isolates when all the media are considered together. Among the isolates' 
colony growth was significantly higher (37.66 mm) in BBIO isolate 
closely followed by BBl (36.08 mm) and BB2 (35.06 mm) (Table-15). 
The results of this experiment further showed wide variations in 
radial growth among different media for each isolate and among the 
isolates for each media (Table-15). 
Suitability of media for different isolates of B. bassiana was also 
compared on the basis of conidial production (Table-16). 
Table 16. Effect of different synthetic nutrient media on conidial production of 
different isolates ofB. bassiana 
Isolate 
BBl 
BB2 
BB3 
BB4 
BBS 
BB6 
BB7 
BBS 
BB9 
BBIO 
Mean 
PDA 
1.18 
3.60 
21.66 
23.34 
6.05 
7.84 
7.39 
5.72 
7.57 
27.29 
11.16 
SDA 
20.86 
5.67 
36.84 
37.13 
21.68 
21.86 
9.35 
7.54 
12.18 
36.25 
20.93 
No. of conidia()i 
CDA 
2.14 
12.20 
43.72 
40.72 
21.73 
1.78 
16.38 
7.89 
13.70 
34.88 
19.51 
MEA 
0.83 
12.56 
37.62 
28.70 
1.86 
1.64 
11.73 
8.59 
10.05 
28.28 
14.19 
10^  ml-') 
CMA 
23.10 
2.70 
6.79 
4.18 
2.15 
2.25 
8.97 
7.29 
2.82 
8.81 
6.91 
OMA 
0.73 
1.60 
2.25 
1.34 
1.80 
1.17 
5.51 
6.34 
8.80 
8.21 
3.77 
Mean 
8.14 
6.39 
24.81 
22.57 
9.21 
6.09 
9.89 
7.23 
9.19 
23.95 
„„ J CD (P = 0.05) 
Between isolates = 0.50 
Between media = 0.39 
Interaction = 1.24 
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Average conidial yield was found significantly higher (20.93 x lO' 
conidia ml'^) in SDA as compared to other medium when all the isolates 
are considered together. SDA medium was again closely followed by 
CDA with production of 19.51 x 10^  conidia ml'* (Fig. 2). Conidial 
production was found to differ significantly between some media while 
others were found at par for the individual isolates. 
Isolates were found to differ significantly also in spore production. 
Isolates BB2 and BB6 and isolates BBS and BB9 were, however, at par. 
Significantly higher average conidial yield (24.81 x 10^ conidia ml'') was 
observed in BB3 closely followed by BBIO (23.95 x lO' conidia ml"') 
and BB4 (22.57 x 10^  conidia ml"'). Minimum conidial production was 
observed in isolate BB6 (6.09 xlO^ conidia ml"'). Wide variations were 
also observed in different isolates when conidial production was 
compared for a particular media (Fig. 3). 
Table 17. Effect of different synthetic nutrient media on biomass production of 
different isolates ofB. bassiana 
Isolate 
BBI 
BB2 
BBS 
BB4 
BBS 
BB6 
BB7 
BBS 
BB9 
BBIO 
Mean 
PDA 
0.2965 
0.2770 
0.2789 
0.2770 
0.2657 
0.2366 
0.2857 
0.2890 
0.1889 
0.3586 
0.2754 
SDA 
0.2837 
0.2844 
0.2939 
0.2839 
0.2997 
0.2944 
0.2851 
0.3153 
0.2189 
0.3830 
0.2942 
Mycelial dry wt (g) 
CDA 
0.2586 
0.2828 
0.2923 
0.2871 
0.2740 
0.2755 
0.2874 
0.3331 
0.2260 
0.3428 
0.2860 
MEA 
0.2703 
0.2871 
0.2738 
0.2828 
0.2519 
0.2833 
0.2736 
0.3155 
0.2582 
0.3720 
0.2868 
CMA 
0.2055 
0.1879 
0.2384 
0.2907 
0.2719 
0.2646 
0.2667 
0.3127 
0.1674 
0.2258 
0.2432 
OMA 
0.1907 
0.1716 
0.1820 
0.1879 
0.2174 
0.1902 
0.1912 
0.2421 
0.1621 
0.2430 
0.1978 
Mean 
0.2509 
0.2485 
0.2599 
0.2682 
0.2635 
0.2574 
0.2650 
0.3013 
0.2036 
0.3208 
CD (P - 0.05), Between isolates = 0.0038, Between media = 0.0030, Interaction = 0.0094 
I Colony diameter (mm) 
Mean mycelial dry weight 
I Mean conidial production 
0 35 
Potato Sabouraud Czapqek-Dox Malt extract Corn meal Oat meal 
dextrose Dextrose 
Effect of different nutrient media on growth of 
B. bassiana 
Fig. 2 
Colony diameter (mm) 
Conidial production 
Dry mycelial wt (g) 
50 0 35 
0 25 
0 15 
0 1 1 
0 05 
BB1 BB2 BB3 BB4 BB5 BB6 BB7 BB8 BB9 BB10 
Isolates 
Relative growth of different isolates of B. bassiana on SDA 
medium 
Fig. 3 
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The fungal growth of various isolates of B. bassiana in liquid 
medium was compared on the basis of fungal biomass (dry mycelial 
weight). Dry mycelial weight was also found highest in BBIO isolate in 
sabouraud dextrose, followed by Czapek Dox, malt extract and potato-
dextrose broth. Variations were also observed in dry mycelial weight 
between different media for each isolate and between different isolates 
for a particular media. The average mycelial dry weight varied from 
0.2942g in sabouraud dextrose medium to 0.1978 g in oat meal medium. 
Among the isolates average dry mycelial weight varied from maximum 
0.3208 g in BBIO to minimum 0.2036 g in BB9 (Table-17). 
In general, it is revealed from the above results that SDA was the 
best medium for hyphal growth and conidial production followed by 
CDA, PDA and MEA for culture of B. bassiana isolates evaluated (Fig. 
2), The best hyphal growth and conidial production was, however, 
observed in BBIO isolate, which was the most virulent isolate selected 
for evaluation against the test insects. Isolates BBl, BB2, BB3, BB4 and 
BBS were also found better as far as growth parameters are concerned 
(Fig. 3). Corn meal and oat meal media were not found suitable for the 
culture of the isolates evaluated. 
Effect of different initial pH values: 
Data presented in Table-18 indicated that hyphal growth was 
influenced by initial pH values of the media. In general, better growth of 
different isolates was observed between pH 5 to 7. Significantly higher 
hyphal growth was, however, seen in media with pH values between 6 
and 6.5 for various isolates as shown by average dry mycelial weight of 
0.3587g and 0.3577g respectively. Minimum average dry biomass was 
obtained at pH 8 (0.1366 g). Results also revealed that isolates differed 
•BB1 
•BB6 
•BB2 
-t—BB7 
BBS -^<-BB4 
BBS BB9 
•BB5 
BB10 
Effect of different initial pH on mycelial growth of different 
isolates of 6. bassiana 
Fig. 4 
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significantly in biomass production (Fig. 4). Average hyphal growth 
varied from 0.2508g to 0.2957g in different isolates with the highest 
biomass recorded in BBl isolate. Highest dry mycelial weight of 0.3609 
g was obtained at pH 6 for the BBIO, the most virulent isolate. 
Table 18. Effect of different initial pH values on bio-mass production of different 
isolates of B. bassiana 
Isolates 
BBl 
BB2 
BBS 
BB4 
BBS 
BB6 
BB7 
BB8 
BB9 
BBIO 
Mean 
4.5 
0.2729 
0.1842 
0.2417 
0.2883 
0.2113 
0.1912 
0.1284 
0.2537 
0.1893 
0.2123 
0.2173 
5.0 
0.3268 
0.3018 
0.2972 
0.3022 
0.3004 
0.3021 
0.2994 
0.2954 
0.2554 
0.2309 
0.2912 
Mycelial dry weight (g) at 
5.5 
0.3105 
0.3074 
0.3102 
0.3025 
0.3154 
0.3310 
0.3340 
0.3124 
0.2910 
0.2274 
0.3042 
6.0 
0.3310 
0.3581 
0.3624 
0.3562 
0.3596 
0.3792 
0.3844 
0.3554 
0.3402 
0.3609 
0.3587 
6.5 
0.3504 
0.3480 
0.3510 
0.3614 
0.3616 
0.3654 
0.3796 
0.3601 
0.3397 
0.3597 
0.3577 
7.0 
0.2606 
0.3158 
0.3216 
0.3042 
0.3028 
0.3154 
0.2853 
0.3554 
0.3274 
0.3322 
0.3121 
pH 
7.5 
0.2595 
0.3089 
0.3154 
0.3085 
0.3016 
0.1549 
0.2478 
0.2708 
0.1508 
0.2174 
0.2536 
8.0 
0.2535 
0.1382 
0.1234 
0.1242 
0.1192 
0.1271 
0.1273 
0.1314 
0.1127 
0.1085 
0.1366 
Mean 
0.2957 
0.2828 
0.2904 
0.2934 
0.2840 
0.2708 
0.2733 
0.2918 
0.2508 
0.2562 
CD (P = 0.05) 
Between isolates = 0.0003 
Between pH values = 0.0003 
Interaction - 0.0008 
Effect of different temperature: 
In general, B. bassiana grew at a wide temperature range from 10 
to 35 °C, while growth was negligible at 40 °C. Hyphal growth and 
sporulation were significantly affected by temperature and isolate (Table-
19). The average radial growth among the isolates ranged from 20.10 mm 
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for isolate BB9 to 29.74 mm for isolate BBIO. The average radial growth 
varied from 14.37 mm at 10 °C to 36.49 mm at 25 °C when all the 
isolates were considered together. 
Table 19. Effect of different temperature on colony growth of different isolates of 5. 
bassiana 
Isolates 
BBl 
BB2 
BB3 
BB4 
BBS 
BB6 
BB7 
BBS 
BB9 
BBIO 
Mean 
10 
19.50 
16.38 
11.13 
10.25 
18.00 
17.00 
14.63 
12.25 
13.33 
11.20 
14.37 
15 
28.75 
27.63 
18.00 
17.00 
28.00 
27.00 
21.00 
20.00 
15.00 
18.25 
22.06 
Colony diameter (mm) 
20 
35.50 
37.75 
28.25 
29.00 
35.00 
33.00 
29.00 
32.00 
22.33 
32.38 
31.42 
25 
41.50 
40.00 
35.00 
38.25 
38.00 
32.00 
36.38 
30.33 
28.00 
45.48 
36.49 
30 
38.50 
34.00 
38.25 
36.00 
27.25 
28.00 
34.00 
40.00 
23.95 
43.13 
34.31 
35 
21.75 
18.75 
24.13 
26.00 
16.50 
8.50 
20.00 
25.00 
18.00 
28.00 
20.66 
Mean 
30.92 
29.08 
25.79 
26.08 
27.13 
24.25 
25.83 
26.59 
20.10 
29.74 
CD (P = 0.05) 
Between isolates = 1.25 
Between pH values - 0.97 
Interaction = 3.06 
Optimum temperatures for various isolates ranged between 20 and 
30 °C. Significantly lesser growth was observed on temperatures 10, 15 
and 35 °C in all the isolates. Temperature 25 °C was, however, found 
optimum for the 7 isolates, BBl, BB2, BB4, BB5, BB7, BB9 and BBIO 
with the highest radial growth observed in BBIO isolate (45.48 mm). 
10 15 20 25 
Temperature 
30 35 
Effect of diff^ent temperature on colony growth of different 
isolates of B. bassiana 
Fig. 5 
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Maximum radial growth was 33.00 mm for isolate BB6 at 20 °C and 
38.25 mm and 40 mm, respectively for isolates BB3 and BBS at 30 °C. 
The radial growth was found increasing with the increasing 
temperature for most of the isolates and was found decreasing beyond the 
optimum (Fig. 5). No clear relationship could be detected between the 
optimum growth temperature and the isolates collected from different 
geographical regions and the host insects. 
On the basis of the assessment of above growth parameters with 
respect to different nutrient media, pH and temperature, BBIO proved 
still better isolate in comparison to others, registering highest hyphal 
growth and conidialproduction. 
4.1.1. Study of morphological characters o{ B. bassiana: 
Microscopic observations of conidia show that the different 
isolates cultured on SDA medium do not differ in shape. The hyaline, 
smooth walled conidia were globose to sub-globose in shape in all the 10 
isolates studied. The size of conidia varied from 1.88 - 2.56 \xm x 1.80 -
2.44 [im between different isolates. Variation was hov/ever also observed 
in size of conidia within the isolates. 
Detailed morphological studies of BBIO isolate show that the 
fungus grew well on SDA. Mycelium on this medium, appeared white, 
dense and powdery. The colonies appeared raised in the centre and 
developed radial furrows. The culture reverse was white but subsequently 
turned yellowish. 
Scanning electron micrograph of BBIO isolate showed smooth 
walled globose to sub-globose conidia, ranging 1.81 - 2.08 fj,m x 1.66 -
^ 
Plate IV. Scanning electron micrographs of conidiogenous 
structures of Beauveria bassiana (BBIO isolate) 
Fig 1 Showing hyphal bodies, conidiophores, conidiogenous 
cells and conidia. Fig 2 Details of conidiogenous stmctures. 
Fig 3 Conidia 
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1.94 nm (average ± S. D = 2.05 ± 0.12 |im x 1.80 ± 0.09 |im) (Plate-IV, 
Fig. 1). The conidia are borne on short (0.55 |im) stalks, which arise 
sympodially on a zig-zag rachis (Plate-IV Fig. 2 & 3). 
4.3. Studies on the histopathology of H. armigera, S. litura and S. 
obliqua infected with BBIO isolate ofB. bassiana: 
Histopathological examination of larvae of S. obliqua after varying 
inoculation periods showed progression and disease development due to 
B. bassiana resulting in cytological changes and extensive destruction of 
tissues because of invasion of most of the internal organs by fungal 
hyphae. At 12 hr, dense accumulation of spores was seen on the cuticle 
(Plate-V, Fig. 1). Germ tube formation was observed 24 hr post-
inoculation (Plate-V, Fig. 2). Cuticle was penetrated and proliferation of 
hyphae was noticed in the hypodermis within 48 hr (Plate-V, Fig. 3). AT 
72 hr post-inoculation, fat tissues, muscle tissues and other organs were 
invaded and damaged by the hyphae (Plate-V, Fig. 4). At 96 hr post-
inoculation, gut was found penetrated and cytological changes were 
noticed in the gut tissues. The gut tissues (particularly columner cells) 
were swollen, vacuolated and found detached from the peritrophic 
membrane (Plate-V, Fig. 5) as compared to healthy gut tissues (Plate-V, 
Fig. 7). At 120 hr, infected larva was already dead. The gut and 
haemocoel were found completely filled with hyphae and spores at 120 
hr post-inoculation (Plate-V, Fig. 6). At this stage, the internal tissues 
appear disintegrated and fungal hyphae penetrated to the exterior and the 
outer cuticle was found covered with the dense fungal mat. Sporulation 
occurs within 3-4 days. Emergence of B. bassiana hyphae from infected 
host insect was generally seen through intersegmental membranes, joints 
of legs and antennae, spiracles etc. 
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Plate V: Histopathological observations of infection of lieauveria hassiana 
in Spilosoma obliqua (T.S. passing through the body of larva) 
Fig 1 Congregation of conidia (co) on the external body surface 
(ep)12 hr post inoculation (400x), Fig 2 Germination of conidia with 
germination tube (gt) on the epicuticle (ep) and large arrow showing 
breaching of epicuticle 24 hr post inoculation (1000 x). Fig 3 
Proliferation of fiangal hyphae (h) in hypodermis (hy) and tissues lying 
underneath 48 hr post inoculation (1 OOOx) 
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Plate V(cont....) 
Fig 4 Proliferation of hyphae (h) in hypodermis (hy), muscular tissues (mt) 
internal organs and haemocoel (he) 72 hr post inoculation (400x), Fig 5 Invasion 
of gut (gw) by developing hyphae (h) marked with large arrows 96 hr post 
inoculation (400x), Fig 6 Degenerating internal tissues, hypodermis (hy) and 
haemocoel (he) completely filled up with hyphae (h) and conidia (co) 120 hr post 
inoculation (lOOOx) Fig 7 Epicuticle (ep), hypodermis (hy) muscular tissues (mt), 
haemocoel (he), gut wall (gw), gut lumen (lu) and gut epithelium (c) in healthy 
larva (lOOx) 
f l ^ * klM^'^ 
Plate VI: Histopathological observations of infection of Beauveria hassiana in 
Helicoverpa armigera (T.S. passing through the body of larva) 
Fig. 1. Healthy larva showing epicuticle (ep), hypodemiis (hy) haemocoel (he), 
muscular tissues (mt), gut wall (gw) and intestinal tissues (c) (lOOx), Fig. 2. 
Infected larva showing breaching of epicuticle (ep) (marked with large arrow), 
developing hyphae (h) and conidia (co) in hypodermis (hy), intestinal body tissues 
(c), and hoemocoel (he) 96 hr post inoculation (400x), Fig. 3. bifected larva 
showing hypodermis (hy), haemocoel (he), body cavity filled up with developing 
hyphae (h) and conidia (co) and emergence of hyphae through cuticle (marked with 
large arrow) 120 hr post inoculation (lOOOx). 
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Plate VII: Histopathological observations of infection of Beauveria hassiana in 
Spodoptera Htura (T.S. passing through the body of larva) 
Fig. I. Healthy larva showing epicuticle (ep), hypodermis (hy), haemocoel (he), 
muscular tissues (mt), gut wall (gw), intestinal tissues (c) and gut lumen (lu) 
(400x). Fig 2. Infected larva showing developing hyphae (h) and conidia (co) m 
hypodermis (hy), haemocoel (he), gut wall (gw), resulting in degeneration of 
muscles (mt) and other entemal body organs. Re-emergence of hyphae from 
cuticle and inter segmental membranes is seen (marked by large arrow) 120 hr 
post inoculation (400x). Fig. 3. Showing details of hyphae (h), conidia and their 
proliferation in hypodermis (hy), haemocoel (he) and inside other internal organs 
(og) 144 hrpost inoculation (400x). 
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Plate VIII: Electron microscopic examination of ultra thin T. S. passing 
through the body of infected Spilosoma obliqua larvae, 
showing presence of developing hyphae of Beauveria bassiana 
inside the body tissues 
Fig 1 2220x, Fig 2 3800x, Fig 3 5500x, Fig 4 7100x 
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Histopathologioal examination of dead infected larvae of H. 
armigera showed that haemocoel and gut lumen were completely filled 
with B. bassiana hyphae and conidia at 96 hr post-inoculation (Plate-VI, 
Fig. 2) while similar observations were recorded in case of dead infected 
larvae ofS. litura, 120 hr post-inoculation (Plate-VII, Fig. 2). Emergence 
of hyphae to the exterior occurred 144 hr post-inoculation (Plate-VII, Fig. 
3). In healthy larvae of these insects all tissues can be clearly seen (Plate-
VI, Fig. 1 & Plate-VII, Fig. 1). 
Electron microscopic examination of ultra thin T.S. passing 
through the body of infected larva of S. obliqua also confirmed the 
presence of developing B. bassiana hyphae in the tissues of the host 
(Plate-VIII,Fig. 1-4). 
4.4. Studies on the susceptibility of different larval instars of H. 
armigera, S. litura and S. obliqua to BBIO isolate of B. 
bassiana at different inoculum levels: 
Susceptibility of different larval instars ofH. armigera to B. bassiana: 
Table 20. Virulence of B. bassiana to different larval instars of H. armigera based on 
LCso's 
Larval 
instar 
Second 
Third 
Fourth 
Fifth 
Chi^ (5) 
2.22 
0.67 
4.30 
0.24 
Regression equation 
Y = 4.1438 +0.2739 X 
Y = 3.0734 +0.4550 X 
Y = 3.7555 +0.2147 X 
Y = 4.1616 + 0.1522X 
LCso 
(conidia ml"') x 
0.01 
0.17 
6.23 
3.22 
Fiducial limits 
10^  (95%) 
0.00 - 0.30 
0.04 - 0.84 
0.71-54.80 
0.12-80.54 
Y= Probit kill, X= Log dose. 
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The results of bioassay using BBIO isolate of B. bassiana against 
2"^ * to 5^ larval instars of//, armigera showed that the 2"^ " instar is most 
susceptible followed by S"* and 5* instar (LC50S varying from 0.01 to 
3.22 conidia ml''), while 4* instar was most resistant (LC50 of 6.23 
conidia ml"') as presented in Table-20. LT50 estimates increased with the 
age of larvae indicating that older larvae were more tolerant to the 
infection (Table-21). 
Table 21. ViruJence ofB. bassiana to different larval instars ofH, armigera based on 
LTso's 
Larval instar 
Second 
Third 
Fourth 
Fifth 
Chi^  (6) 
3.65 
4.87 
2.46 
2.22 
Regression equation 
Y = -0.03 + 2.62 X 
Y = -2.73 +3.95 X 
Y = -0.37 +2.52 X 
Y = -2.52 +3.48 X 
*LT5o 
(hr) 
82.79 
90.16 
136.12 
143.80 
Fiducial limits 
(95%) 
70.69 - 96.96 
80.86-100.53 
114.38-161.99 
125.73 - 164.47 
* at 1 X 10' conidia ml'' Y = Probit kill, X= Log time. 
Comparisons of susceptibilities between instars at different 
dosages were also studied on the basis of percentage mortality by 
following the two-way analysis of variance. Significant differences were 
observed at 5 per cent level of significance from 2"'' to 4*^  instars while 
4 and 5 instars were not significantly different. Mean percentage 
mortality computed for all the concentrations together was maximum 
(74.33%) for the 2""^  stage which gradually decreased with advancement 
in age of larvae (Table-22). Mean percentage mortality computed for all 
the instars together, was found to differ significantly at lower 
concentrations of 10"* to 10^  conidia ml'' but the higher concentrations of 
10^ and 10'° conidia ml"' were not significantly different. The mean larval 
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mortality ranged from 45.00 per cent at the lowest concentration of lO'* 
conidia ml"' to 87.50 per cent at the highest concentration of 10^ ° conidia 
ml'' which was found at par with the conidial concentration of 10^  
(Table-22). 
Table 22. Comparison of per cent mortality of different larval instars ofH. armigera at 
different concentrations ofB. bassiana 
Concentrations 
Conidia ml'' 
lO'* 
10^  
10^ 
10^  
10^  
10^ 
10'° 
Control 
Mean 
Second 
66.67 
(54.78) 
70.00 
(56.79) 
80.00 
(63.43) 
83.33 
(66.14) 
86.67 
(68.85) 
100.00 
(90.00) 
100.00 
(90.00) 
8.00 
(12.29) 
74.33 
(62.79) 
Mean % mortality of different instars 
Third 
50.00 
(45.00) 
60.00 
(50.77) 
76.67 
(61.22) 
90.00 
(71.56) 
93.33 
(77.71) 
100.00 
(90.00) 
93.33 
(77.71) 
0.00 
(0.00) 
70.42 
(59.25) 
Fourth 
23.33 
(28.78) 
53.33 
(46.92) 
60.00 
(50.77) 
56.67 
(52.78) 
70.00 
(56.79) 
73.33 
(59.00) 
80.00 
(63.43) 
0.00 
(0.00) 
52.08 
(44.81) 
Fifth 
40.00 
(39.15) 
50.00 
(45.00) 
53.33 
(46.92) 
56.67 
(48.85) 
63.33 
(52.78) 
70.00 
(56.79) 
76.67 
(61.22) 
0.00 
(0.00) 
51.25 
(43.84) 
Mean 
45.00 
(41.93) 
58.33 
(49.87) 
67.50 
(55.59) 
71.67 
(59.83) 
78.33 
(73.95) 
85.32 
(73.95) 
87.50 
(73.00) 
3.72 
(3.07) 
CD. 
Between instars 
Between concentrations 
Interaction 
= 
= 
— 
(P = 0.05) 
3.37 
2.38 
6.75 
(P = 0.01) 
4.49 
3.17 
8.98 
(Figures in parenthesis are angular transformed values.) 
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When each instar was compared for susceptibility to different 
dosages of B. bassiana, it was observed that l"'^  and 3'"'* instars were 
equally susceptible to dosages of 10'' and 10 .^ The larval mortality varied 
from 83.33 to 93.33 per cent at these conidial concentrations while 93.33 
to 100 per cent variation was noticed at the next higher concentrations. 
On the basis of these observations 10 conidia ml' may be selected as 
effective and economic dosage to strike control at these vulnerable stages 
for this pest. 
Susceptibility of different larval instars ofS. litura to B. bassiana 
The results of bioassay using BBIO isolate of 5. bassiana against 
2"'' to 5* larval instars of S. litura showed that the susceptibility to 
infection decreased with the age of larvae. The LC50 of the fungus was 
lowest in the 2"^ * instar larvae (7.20x10^ conidia ml'') and highest in the 
5* instar larvae (8527.80x10^ conidia ml'') as indicated in the Table-23. 
LT50 estimates also increased with the age of larvae indicating that older 
larvae were more tolerant to the infection (Table-24). 
Table 23. Virulence ofB. bassiana to different larval instars ofS. litura based on LCsos 
Instars 
Second 
Third 
Fourth 
Fifth 
Chi\5) 
1.33 
1.59 
0.53 
0.28 
Regression equation LC50 
(conidia ml'') x 
Y = 3.2380 +0.3008 X 
Y = 3.0497 +0.3141 X 
Y = 2.8544 +0.2758 X 
Y = 2.4990 +0.2801 X 
7.20 
16.14 
600.35 
8527.80 
10^  
Fiducial limits 
(95%) 
1.51-34.14 
3.94-66.11 
123.80-2911.10 
8361.60-14404.45 
Y= Probit kill, X= Log dose. 
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Table 24. Relative virulence of B. bassiana to different larval instars of S. litura 
based on LTso's 
Larval instar 
Second 
Third 
Fourth 
Fifth 
Chi^ (6) 
0.60 
1.66 
0.44 
0.68 
Regression equation 
Y = -0.96 +2.76 X 
Y = -5.05 +4.53 X 
Y = -7.53 +5.53 X 
Y = -1.36 +2.58 X 
*LT5o 
(hr) 
143.37 
165.41 
183.32 
292.68 
Fiducial limits 
(95%) 
121.47-169.23 
146.60-186.56 
162.37-206.99 
194.75-439.86 
*atlX10'conidiamr' 
Y= Probit kill, X= Log time. 
Table 25. Comparison of per cent mortality of different larval instars of S. litura at 
different concentrations of B. bassiana. 
Concentrations 
(conidia ml"') 
10^ 
10^  
10^  
10^  
10^  
10' 
10'° 
Control 
Mean 
Second 
33.33 
(35.21) 
40.00 
(39.23) 
56.67 
(48.85) 
73.33 
(59.00) 
73.33 
(59.00) 
83.33 
(66.14) 
93.33 
(77.71) 
0.00 
(0.00) 
56.67 
(48.15) 
Mean % mortality of different instars 
Third 
26.67 
(31.00) 
36.67 
(37.22) 
46.67 
(43.08) 
50.00 
(45.00) 
73.33 
(59.00) 
83.33 
(66.14) 
90.00 
(75.00) 
0.00 
(0.00) 
50.83 
(44.56) 
Fourth 
13.33 
(21.14) 
23.33 
(28.78) 
30.00 
(33.21) 
43.33 
(41.15) 
56.67 
(48.85) 
63.33 
(52.77) 
70.00 
(56.79) 
0.00 
(0.00) 
37.50 
(35.34) 
Fifth 
6.67 
(12.29) 
13.33 
(21.14) 
20.00 
(26.56) 
26.67 
(31.00) 
30.00 
(33.21) 
43.33 
(41.15) 
56.67 
(48.85) 
0.00 
(0.00) 
24.58 
(26.78) 
Mean 
20.00 
(24.91) 
28.33 
(31.59) 
38.33 
(37.92) 
48.33 
(44.04) 
58.33 
(50.02) 
76.50 
(56.55) 
77.50 
(64.59) 
0.00 
(0.00) 
CD. 
Between instar 
Between concentrations 
Interactions 
(Figures in parenthesis are 
(P= 0.05) 
2.75 
3.88 
7.77 
angular transformed values 
(P= 0.01) 
3.65 
5.17 
10.33 
.) 
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Test of susceptibility based on percentage mortality revealed 
significant differences at 5 per cent level of significance. Mean 
percentage mortality when computed for all the concentrations together 
was maximum (48.15%) for the 2 stage which gradually decreased with 
advancement in age of larvae (Table-25). Mean percentage mortality 
computed for all the instars together, was found to differ significantly at 
different concentrations showing that the mortality in larvae was directly 
proportional to dosage applied. The mean larval mortality ranged from 20 
per cent at the lowest concentration of 10'* conidia ml'' to 77.50 per cent 
in the highest concentration of 10'° conidia ml"', which was found at par 
with the conidial concentration of 10^  (Table-25). 
When each instar was compared for susceptibility to different 
dosages of B. bassiana, it was observed that 2"^ * and S"'^  instars were 
equally susceptible to dosages of 10 and 10 , however, significantly less 
susceptible than the higher concentration of 10'° conidia m^^ The larval 
mortality varied from 73.33 to 83.33 per cent at the above concentrations. 
On the basis of these observations, 10^  and 10^ conidia ml"' may be 
selected as effective and economic dosages to strike control at the initial 
stages for this pest. 
Susceptibility of different larval instars ofS. obliqua to B. bassiana: 
The results of bioassay revealed that in this species also, 
susceptibility to infection decreased with the age of larvae as shown by 
LC50 estimates. The LC50 estimates of fungus were lowest in the 2" instar 
larvae (0.24x10^ conidia ml"') and highest in the 5^*^  instar larvae 
(3269.56x10^ conidia ml"') as presented in Table-26. In case of S. 
obliqua, except for the 3'^ '' instar, LT50 estimates ofB. bassiana increased 
with the age of larvae. LT50 for the 2"'' instar was higher than the 3"' 
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instar, which was surprising as they were expected to be more susceptible 
(Table-27). 
Table 26. Virulence ofB. bassiana to different larval instars of 5. obliqua based on LCso's 
Larval 
instar 
Second 
Third 
Fourth 
Fifth 
Chi^ (5) 
2.83 
3.39 
1.26 
0.67 
Regression equation 
(conidiamr')xlO^ 
Y= 3.8429 +0.2636 X 
Y= 3.2005 + 0.3860 X 
Y= 3.7137 +0.1674 X 
Y= 3.4427 +0.1829 X 
LC50 
0.24 
0.45 
479.03 
3269.56 
Fiducial limits 
(95%) 
0.01-3.09 
0.08-2.39 
39.81-5623.00 
229.08 - 45708.00 
Y = Probit mortality, X = Log dose 
Table 27. Virulence ofB. bassiana to different larval instars of 5. obliqua based on LTSO'I 
Larval instar 
Second 
Third 
Fourth 
Fifth 
Chi^ (6) 
1.55 
7.93 • 
1.44 
2.08 
*atlX10^conidiaml"' 
Regression equation 
Y =-0.99+ 2.1 I X 
Y = -1.14 + 3.25X 
Y = -3.49 +3.77 X 
Y = -2.28 + 3.20 X 
Y= Probit kill. 
*LT5o 
(hr) 
79.30 
76.68 
180.11 
188.09 
X= Log time 
Fiducial limit 
(95%) 
65.47 - 96.05 
67.23 - 87.47 
153.19-211.85 
154.82-228.51 
Test of susceptibility based on percentage mortality revealed that 
the 2"'' and 3'^ '' instar larvae of S. obliqua were equally susceptible but 
significantly more susceptible than 4* and 5'^  instars. Mean percentage 
mortality when computed for all the concentrations together was 
maximum (more than 60.00%) for the 2 and 3 stage larvae, -w'hich 
gradually decreased with advancement in age of larvae. Mean percentage 
mortality when computed for all the instars together, was found to differ 
significantly at different concentrations as observed in case of S. litura. 
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Mean larval mortality ranged from 34.14 per cent at the lowest 
concentration of 10'^  conidia ml'' to 82.50 per cent at the highest 
concentration of 10'° conidia ml"' which was found at par with the 
conidial concentration of 10^  (Table-28). 
Table 28. Comparison of per cent mortality of different larval instars of 5". obliqua at 
different concentrations of 5. bassiana 
Concentrations 
(conidia ml'') 
10^  
10^  
10^  
10^ 
10^  
10^ 
10'° 
Control 
Mean 
Second 
44.66 
(43.08) 
56.66 
(48.85) 
70.00 
(57.00) 
76.66 
(61.22) 
80.00 
(63.93) 
83.33 
(66.14) 
100.00 
(90.00) 
0.00 
(0.00) 
64.16 
(53.78) 
Mean % mortality of different instars 
Third 
36.66 
(37.22) 
66.66 
(54.78) 
70.00 
(56.79) 
76.66 
(61.22) 
86.66 
(68.85) 
96.66 
(83.85) 
100.00 
(90.00) 
0.00 
(0.00) 
66.66 
(56.59) 
Fourth 
30.00 
(33.21) 
33.33 
(35.22) 
36.66 
(37.22) 
43.33 
(41.15) 
56.66 
(48.85) 
53.33 
(46.92) 
70.00 
(57.00)* 
0.00 
(0.00) 
40.41 
(37.45) 
Fifth 
23.33 
(28.76) 
23.33 
(28.76) 
30.00 
(33.21) 
43.33 
(41.07) 
50.00 
(45.00) 
53.33 
(46.92) 
60.00 
(50.77) 
0.00 
(0.00) 
35.41 
(34.32) 
Mean 
34.14 
(35.57) 
44.99 
(41.91) 
51.66 
(46.05) 
59.99 
(51.17) 
68.33 
(56.66) 
71.66 
(60.96) 
82.50 
(71.94) 
0.00 
(0.00) 
C D . 
Between instars 
Between concentrations 
Interactions 
(P= 0.05) 
2.31 
3.27 
6.53 
(P= 0.01) 
3.07 
4.34 
8.69 
(Figures in parenthesis are angular transformed values) 
\LT50(H. armigera) 
\LT50(S. oblique) 
- % mortality (S. litura) 
LT50(S. litura) 
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When each instar was compared for susceptibility to different 
dosages of B. bassiana, it was observed that 2"^ * and 3'''* instars were 
"7 8 1 
equally susceptible to dosages of 10 and 10 conidia ml" . The larval 
mortality varied from 76.66 to 86.66 per cent at these conidial 
concentrations. However significantly higher mortality was registered at 
the next higher concentrations. 
Relative susceptibility of different larval instars of the three test-
species (based on LT50 values and mean percent mortality) to BBIO 
isolate of 5. bassiana is depicted in Fig. 6. 
4.5. Studies on the influence of different host plants on the 
susceptibility oiH. armigera, S. litura and S. obliqua to BBIO 
isolate of ^ . bassiana: 
Data presented in Table- 29, 30 & 31, show that the mortality 
attributed to B. bassiana (BBIO isolate) was significantly associated (P< 
0.05) with host plant species on which the insect larvae were fed in the 
laboratory. In case of H. armigera, significantly higher mortalities of 
83.33 and 86.66 per cent were recorded due to B. bassiana when larvae 
were fed on C. aeritinum and P. sativum with lower LT50 values of 87.79 
and 94.68 hr, respectively (Table-29). While in case of S. obliqua, 
significantly higher mortality of 80.00 per cent and lowest LT50 values of 
112,70 hr was obsen^ed when larvae were fed on B. oleracea var. 
capitata in comparison to other three host plants, i.e. G. max, M. arvensis 
and R. communis (Table-30). In case of S. litura, significantly higher 
mortality of 62.00 per cent each was obtained when larvae were fed on 
host plants of B. oleracea var. botrytis and R. communis as compared to 
host plants of ^. hypogaea which recorded least mortality of 54.29 per 
cent. However, when compared on the basis of LT50 values, the larvae of 
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S. litura were found more susceptible to B. bassiana infection when fed 
on B. oleracea var. capitata with lowest LT50 values of 140.49 hr (Table-
31). In general, differences in per cent mortality and LT50 values were not 
much pronounced when S. litura larvae were reared on different host 
plants except in case of A. hypogaea. 
Relative susceptibility of three test-species to BBIO isolate, when 
reared on different host plants is shown in Fig. 7. 
Table 29. LTso-s and per cent mortality of third instar larvae oiH. armigera reared on 
different host plants and exposed to B. bassiana* 
Host plant 
species 
Cicer arietinum 
Lycopersicum 
esculentum 
Pisum sativum 
Cajanus cajan 
CD. (P= 0.05) 
CD. (P= 0.01) 
Chi^  
6.07 
0.95 
6.40 
4.08 
(6) Regression 
equation 
Y=-1.79 + 3.49X 
Y=-1.70 + 3.16X 
Y=-3.09 + 4.09X 
Y=-3.52 + 4.05X 
*LT5o 
(hr) 
87.79 
131.34 
94.68 
126.31 
Fiducial limits 
(95%) 
78.00-98.80 
114.52-150.63 
85.12-105.17 
113.50-140.56 
Mean % 
mortality 
83.33 
(66.14) 
66.67 
(54.78) 
86.66 
(68.85) 
60.00 
(50.77) 
(8.32) 
(11.83) 
* at Ix lO^conidiaml"' 
Y= Probit kill, X= Log time. 
(Figures in parenthesis are angular transformed values) 
No mortality attributed to the infection by B. bassiana occurred in control. 
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Table 30. LTscs and per cent mortality of third instar larvae of S. litura reared on 
different host plants and exposed to B. bassiana* 
Host plant 
species 
A. hypogaea L. 
Brassica oleracea 
var. botritis L. 
Brassica oleracea 
var. capitata L. 
Ricinus communis L 
CD (P = 0.05) 
CD (P = 0.01) 
Chi' (6) 
0.40 
1.23 
0.88 
1.50 
Regression equation 
Y = -6.55 +5.26 X 
Y = -6.47 +5.27 X 
Y = -4.88 +4.60 X 
Y = -5.33+4.69 X 
*LT5o 
(hr) 
156.28 
149.60 
140.49 
158.50 
Fiducial limits 
(95%) 
144.94-168.75 
139.11-160.88 
129.91-151.91 
145.88-172.81 
Mean % 
mortality 
54.29 
(47.30) 
62.00 
(51.97) 
58.00 
(49.66) 
62.00 
(51.97) 
(4.21) 
(5.01) 
* at 1 X 10' conidia ml"' Y= Probit kill, X= Log time. 
No mortality attributed to the infection by B. bassiana occurred in control. 
Table 31. LTso-s and per cent mortality of third instar larvae of iS*. obliqua reared on 
different host plants and exposed to B. bassiana* 
Host plant 
Ricinus communis 
Glycine max 
Mentha arvensis 
Brassica oleracea 
var. capitata 
CD. (P= 0.05) 
CD. (P= 0.01) 
Chi' (6) 
6.48 
3.11 
1.71 
0.89 
Regression equation 
Y = -3.30 +3.80 X 
Y = -4.17 + 4.23X 
Y = -3.20 + 3.87 X 
Y = -4.24 +4.50 X 
LT50 
(hr) 
152.73 
146.74 
130.79 
112.70 
Fiducial limit 
(95%) 
134.89-165.95 
131.82-158.48 
117.48-141.25 
102.32-120.22 
Mean % 
mortality 
54.00 
(47.30) 
62.00 
(51.97) 
66.00 
(54.38) 
80.00 
(63.73) 
(4.31) 
(5.94) 
* at 1x10^ conidia ml"' 
Y = Probit mortality, X = Log time, 
(Figures in parenthesis are angular transformed values.) 
No mortality attributed to the infection by B. bassiana occurred in control. 
\LT50 H. armigera 
• % mortality H. armigera 
\LT50S. litura 
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)LT50S. obliqua 
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Fig. 7 
*H.armigera. 1. C.arietinum, 2. L.esculentum, 3. P.sativum, 4. C. cajan 
S. litura 1. A. hypogaea, 2. B. oleracea var. botrytis, 3. B. oleracea var capitata, 4.R. communis 
S. obliqua: 1. R. communis, 2. G. max, 3 M. arvensis, 4. 6. oleracea var. capitata 
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4.6. Studies on the effect of different temperature on the 
susceptibility ofH. armigera, S. litura and S. obliqua to BBIO 
isolate of 5. bassiana: 
Results of these trials revealed that mortality of larvae of these 
three species due to B. bassiana was dependent on temperatures of 
incubation according to data recorded for 3'^ '' instar larvae (Table-32 to 
34, Fig. 8). Mortality of larvae was found significantly different at 
different temperatures in all the three species at 5 per cent level of 
significance. In H. armigera highest mortality of 83.33 per cent was 
noticed on 25 °C with lowest LT50 value of 134.39 hr (Table-32). 
Table 32. LTso's and per cent mortality of third instar larvae ofH. armigera exposed to B. 
bassiana* and incubated at different temperatures 
Temperature Chi (6) Regression equation 
(°C) 
15 
20 
25 
30 
35 
CD(P= 
CD(P= 
— 
1.40 Y =-4.71+4.43 X 
0.91 Y = -2.00+ 2.86 X 
1.81 Y =-2.11+3.25 X 
1926.60 ¥ = -518.78-232.83 X 
0.05) 
0.01) 
*LT5o 
(hr) 
~ 
155.17 
134.39 
153.97 
160.94 
Fiducial limits 
(95%) 
~ 
138.33-174.07 
115.36-156.56 
132.45-178.97 
158.48-161.33 
Mean % 
mortality 
0.00** 
(0.18) 
57.03 
(49.05) 
83.33 
(66.14) 
53.33 
(46.92) 
46.67 
(43.07) 
(6.92) 
(9.71) 
"7 1 
* at Ix 10 conidiaml" 
Y= Probit kill, X= Log time. 
** No mortality due to observable mycosis. 
(Figures in parenthesis are angular transformed values.) 
No mortality attributed to the infection by B. bassiana occurred in control. 
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Table 33. LTso-s and per cent mortality of third instar larvae of 5. litura exposed to B. 
bassiana* and incubated at different temperatures 
Temperature Chi (6) Regression equation LT50 Fiducial limits Mean % 
(°C) (hr) (95%) mortality 
15 -- - -- -- 0.00** 
(0.18) 
20 1.68 Y = -4.21-4.08 X 180.77 158.24-206.52 47.50 
(43.55) 
25 2.40 Y =-4.27 + 4.26 X 149.67 135.56-165.23 65.00 
(53.78) 
30 1.96 Y = -2.78 +3.53 X 159.94 141.04-181.37 52.50 
(46.44) 
35 0.98 Y = -1.87 +2.72 X 336.78 218.95-518.02 22.50 
(28.28) 
CD. (P= 0.05) = (4.45) 
CD. (P= 0.01) = (6.24) 
*atlX10'conidiaml'' 
Y = Probit mortality, X = Log time, 
**No mortality due to observable mycosis. 
(Figures in parenthesis are angular transformed values.) 
No mortality attributed to the infection by B. bassiana occurred in control. 
In larvae of S. litura, highest mortality of 65.00 per cent was 
noticed at 25 °C with lowest LT50 value of 149.67 hr also at the same 
temperature (Table-33). In case of S. obliqua also, 25 °C proved to be 
optimum temperature at which highest larval mortality of 66.66 per cent 
and lowest LT50 value of 122.33 hr was obtained (Table-34). Lowest 
temperature of 15 °C and highest temperature of 35 °C were found 
inhibitive for infection of 5. bassiana in these three host insects (Fig. 8). 
In all the above bioassay tests mortality was negligible in control 
(Insects kept on check without the treatment of 5. bassiana). 
^^LT50 H. armigera 
t^LTSOS. obliqua 
-m- % mortality S. litura 
nZ3LT50 S. litura 
—•— % mortality H. armigera 
% mortality S. obliqua 
400 
350 -
300 -
250 
> 200-1-
150 
100 -
50 
20 
90 
25 30 
Temperature 
35 
Effect of B. bassiana (1x10'' conidia ml"^) on third instar larvae 
of test insects at different temperature 
Fig. 8 
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Table 34. LTscs and percentage mortality of third instar larvae of 5. obliqua exposed to B. 
bassiana* and incubated at different temperatures 
Temperature Chi^  (7) 
15 °C 
20 °C 1.02 
25 °C 10.05 
30 °C 1.97 
35 °C 1.32 
CD. (P= 0.05)= 
CD. (P= 0.01)= 
Regression equation 
— 
Y = -2.36 +2.89 X 
Y = -1.22 +2.98 X 
Y = +0.26 + 2.09 X 
Y = -5.32 +4.76 X 
*LT5o 
(hr) 
~ 
351.86 
122.33 
186.13 
303.31 
Fiducial limits 
(95%) 
~ 
2.36-2.76 
2.03-2.14 
2.16-2.34 
2.35-2.61 
Mean % 
mortality 
0.00** 
(0.18) 
20.00 
(26.57) 
66.67 
(54.78) 
46.67 
(43.07) 
16.67 
(26.57) 
(6.00) 
(8.73) 
*at lX10^conidiamr ' 
Y= Probit kill, X= Log time. 
** No mortality due to observable mycosis. 
(Figures in parenthesis are angular transformed values.) 
No mortality attributed to the infection by B. bassiana occurred in control. 
4.7. Studies on the compatibility of BBIO isolate of B. bassiana 
with pesticides and bioagents: 
4.7.1. Effect of pesticides on radial growth of .B. bassiana: 
Effect of fungicides: 
Data presented in Table-35 & 36 show that the fungicides as a 
group affected the growth of BBIO isolate of B. bassiana the most. 
Among the fungicides, carbendazim totally inhibited the radial growth at 
all the concentrations throughout the period of experiment (Table-36, 
I l l 
Fig. 9). Other fungicides viz. benomyl, zineb, tricyclazole, thiophanate 
methyl, mancozeb, thiram, dodine strongly inhibited (90.14 to 95.86% 
reduction) the mean radial growth of the fungus. Sulfur affected the 
growth least followed by dinocap causing 38.21 to 42.05 per cent 
reduction (Table-35). Whereas, benomyl, captan, carbendazim, zineb 
and tricyclazole caused 100 per cent inhibition of growth at the 
recommended rates even at the 12th day of treatment (Table-36). 
Table 35. Percentage inhibition by fungicides of JB. bassiana mycelial growth on agar 
Fungicide 
Benomyl 
Captan 
Carbendazim 
Copper oxychloride 
Dinocap 
Dodine 
Mancozeb 
Sulphur 
Thiophanate methyl 
Thiram 
Tridemorph 
Zineb 
Tricyclazole 
Mean 
1.5 X 
100.0(90.00) 
100.0(90.00) 
100.0(90.00) 
78.85 (62.59) 
57.62 (49.30) 
100.0(90.00) 
100.0(90.00) 
48.92 (44.37) 
100.0(90.00) 
100.0(90.00) 
78.20(62.17) 
100.0(90.00) 
100.0 (90.00) 
89.51 (79.11) 
Multiple of dosage rate 
1.0 X 
100.0(90.00) 
100.0(90.00) 
100.0(90.00) 
70.11(56.71) 
46.01 (42.69) 
87.43 (69.21) 
87.81 (69.53) 
40.18(39.23) 
95.41 (77.62) 
87.95 (69.64) 
65.58(54.07) 
100.0(90.00) 
100.0(90.00) 
83.11(71.44) 
0.5 X 
87.57 (69.29) 
73.03 (58.69) 
100.0(90.00) 
65.12(53.79) 
31.61(34.18) 
82.98 (65.57) 
83.94 (66.34) 
26.65(31.03) 
87.72 (69.47) 
83.28 (65.84) 
51.50(45.84) 
82.06 (64.92) 
78.69 (62.49) 
71.86(59.80) 
Mean 
95.86(83.10) 
91.01(79.56) 
100.0(90.00) 
71.36(57.70) 
45.08 (42.06) 
90.14(74.93) 
90.58 (75.29) 
38.58(38.21) 
94.38 (79.03) 
90.41 (75.16) 
65.09 (54.03) 
94.02(81.64) 
92.90 (80.83) 
CD (P = 0.05) 
Between fungicides = 0.17 
Between concentrations = 0.08 
Interaction = 0.30 
I0.5x Cone. DI.Ox Cone. 11.5x Cone. 
120 
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o 
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Effect of fungicides on radial growth of B. bassiana at three 
different concentrations 
Fig. 9 
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Table 36. Effect of fungicides on the growth of 5. bassiana 
Fungicide 
Benomyl 
Captan 
Carbendazim 
Copper oxychloride 
Dinocap 
Dodine 
Mancozeb 
Sulphur 
Thiophanate methyl 
Thiram 
Tridemorph 
Tricyclazole 
Zineb 
Control 
CD (P=0.05) 
Concentration 
0.30 
0.20 
0.10 
0.15 
0.10 
0.05 
0.30 
0.20 
O.IO 
0.30 
0.20 
0.10 
0.15 
0.10 
0.05 
0.15 
0.10 
0.05 
0.30 
0.20 
0.10 
0.30 
0.20 
0.10 
0.15 
0.10 
0.05 
0.30 
0.20 
0.10 
0.15 
0.10 
0.05 
0.15 
0.10 
0.05 
0.15 
0.10 
0.05 
Mean 
4ti. 
0.00 
0.00 
0.00 
0.00 
0.00 
4.33 
0.00 
0.00 
0.00 
4.00 
5.33 
6.70 
6.27 
7.00 
8.50 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
6.27 
8.20 
12.47 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
4.00 
6.20 
8.50 
0.00 
0.00 
3.50 
0.00 
0.00 
0.00 
15.00 
0.16 
growth diameter (mm 
gm 
0.00 
0.00 
4.83 
0.00 
0.00 
8.33 
0.00 
0.00 
0.00 
6.27 
8.50 
9.07 
10.27 
14.13 
18.33 
0.00 
4.50 
6.33 
0.00 
3.50 
5.50 
10.27 
13.93 
17.47 
0.00 
0.00 
4.20 
0.00 
4.50 
6.07 
6.50 
8.30 
10.17 
0.00 
0.00 
6.40 
0.00 
0.00 
6.47 
31.67 
0.27 
.) at day 
12'^  
0.00 
0.00 
6.00 
0.00 
0.00 
10.83 
0.00 
0.00 
0.00 
8.13 
12.40 
14.63 
20.40 
26.50 
32.77 
0.00 
6.67 
8.50 
0.00 
7.17 
8.50 
28.13 
30.00 
34.00 
0.00 
4.00 
6.50 
0.00 
6.00 
8.50 
8.50 
15.50 
23.47 
0.00 
0.00 
8.67 
0.00 
0.00 
9.17 
41.83 
0.35 
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Effect of Insecticides: 
Table 37. Percentage inhibition by insecticides of B. bassiana mycelial growth on agar 
Insecticide 
Carbaryl 
Chlorpyriphos 
Cypermethrin 
Deltamethrin 
Dimethoate 
Endosulfan 
Fsnvalerate 
Kelthane 
Malathion 
Methyl parathion 
Monocrotophos 
Quinalphos 
Phosphamidon 
Mean 
1.5X 
53.72(47.12) 
100.00(90.00) 
58.89(50.30) 
64.55 (53.43) 
47.03 (43.28) 
100.00(90.00) 
100.00(90.00) 
78.77(62.51) 
100.00(90.00) 
100.00(90.00) 
100.00(90.00) 
73.66(59.08) 
78.01 (62.03) 
81.13(70.60) 
Multiple of dosage rate 
l.OX 
42.82 (40.86) 
100.0(90.00) 
45.31 (42.30) 
39.15(38.68) 
30.78(33.65) 
95.41 (77.62) 
65.58 (54.03) 
69.95 (56.63) 
94.84 (76.82) 
86.80 (68.70) 
68.93 (55.99) 
60.05 (50.75) 
70.36 (57.00) 
66.92(57.16) 
0.5X 
24.20 (29.42) 
75.83(60.51) 
27.14(31.37) 
21.21 (27.39) 
19.30(26.01) 
88.53(70.18) 
52.76 (46.57) 
58.35 ((49.78) 
87.95 (69.64) 
75.71 (60.45) 
56.59 (48.78) 
49.21 (44.52) 
60.99(51.30) 
53.67 (47.38) 
Mean 
40.25(39.14) 
91.94(80.17) 
43.78(41.33) 
41.64(39.83) 
32.37(34.31) 
94.64 (79.27) 
72.78(63.53) 
69.02(56.31) 
94.26 (78.82) 
87.50(73.05) 
75.17(64.92) 
60.97(51.45) 
69.78 (56.78) 
CD (P = 0.05) 
Between insecticides = 0.24 
Between concentrations = 0.11 
Interaction = 0.41 
Data presented in Table-37 shows that the insecticides, strongly 
inhibiting the growth in descending order were chlorpyriphos, 
endosulfan, malathion, methyl parathion, monocrotophos and fenvalerate 
(resulting in 72.78 to 94.64% reduction). Phosphamidon, kelthane and 
quinalphos resulted in reduction of mean growth around 60 to 70 per 
cent; while dimethoate affected the growth least (32.37%) followed by 
carbaryl, deltamethrin and cypermethrin (Table-37). Growth was 
completely inhibited by the chlorpyriphos, endosulfan, fenvalerate, 
malathion, methyl parathion and monocrotophos at the two times the 
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recommended rates while chlorpyriphos was the only insecticide which 
totally inhibited the growth at recommended dosage. Among these 
insecticides fenvalerate, kelthane, monocrotophos, quinalphos and 
phosphamidon reduced the mycelial growth of the fungus to a lesser 
extent (49.21 to 60.99%) when applied at half the recommended 
concentrations (Table-37, Fig. 10). Among the synthetic pyrethroids 
deltamethrin and cypermethrin proved less inhibitory to mycelial growth 
resulting in 41.64 and 43.78% reduction respectively. In general, it is 
observed from these results that organophosphate group of insecticides 
was strongly fungistatic. Their inhibitive effect continued throughout the 
whole experiment (Table-38). 
Effect of pesticides of plant origin: 
Results of evaluation of neem-based pesticides revealed that these 
pesticides are also fungistatic but to a much lesser extent as compared to 
fungicides and insecticides as mentioned above. The inhibition in mean 
radial growth of B. bassiana ranged from 4.39 per cent in case of 
Neemark to 52.14 per cent in case of Neemguard (Fig. 11). Significant 
differences were noticed in reduction of growth in each treatment (Table-
39). Except Neemguard and Nimbecidine, all these pesticides had lesser 
inhibitory effects as compared to control, even at 4 day of inoculation. 
Radial growth in pesticides, Achook and Neemark were nearly at par 
with control at the 12th day of observation (Table-40). 
In general it was observed that the colony size of B. bassiana 
increased overtime, depending on pesticides and their concentrations. 
The reduction in mean radial growth of B. bassiana was dependent on 
pesticide concentration which affected growth rate significantly (Table-
36, 38 & 40). 
10.5x Cone. ni .Ox Cone. I1.5x Cone. 
1 2 3 4 5 6 7 8 
*lnsecticides 
Effect of insecticides on radial growth of B. bassiana at three 
different concentrations 
Fig. 10 
* 1 . Carbaryl, 2. Chlor pyriphos, 3. Cypermethrin, 4. Deltamethrin, 5. Dimethoate, 6. Endosulfan, 
7. Fenvalerate, 8. Kelthane, 9. Malathion, 10. Methyl parathion, 11. Monoerotophos, 
12. Quinalphos, 13. Phosphamidon 
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Table 38. Effect of insecticides on the growth of 5. bassiana 
Insecticide 
Carbaryl 
Chlorpyriphos 
Cypermethrin 
Deltamethrin 
Dimethoate 
Endosulfan 
Fenvalerate 
Kelthane 
Malathion 
Methyl parathion 
Monocrotophos 
Quinalphos 
Phosphamidon 
Control 
CD (P=0.05) 
Concentration 
0.3 
0.2 
0.1 
0.075 
0.050 
0.025 
0.0075 
0.0050 
0.0025 
0.0045 
0.0030 
0.0015 
0.03 
0.02 
0.01 
0.30 
0.20 
0.10 
0.015 
0.010 
0.005 
0.075 
0.050 
0.025 
0.045 
0.030 
0.015 
0.045 
0.030 
0.015 
0.06 
0.04 
0.02 
0.075 
0.050 
0.025 
0.075 
0.050 
0.025 
— 
Mean growth diameter (mm 
4". 
8.33 
10.17 
12.00 
0.00 
0.00 
4.50 
7.33 
10.17 
12.00 
4.67 
8.53 
12.33 
9.00 
10.50 
12.17 
0.00 
0.00 
0.00 
0.00 
6.50 
8.33 
3.50 
5.67 
7.50 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
6.00 
7.33 
5.07 
6.50 
8.60 
4.33 
6.50 
8.67 
15.00 
0.34 
gti. 
14.00 
17.17 
24.00 
0.00 
0.00 
7.43 
12.50 
16.17 
22.67 
9.07 
15.33 
20.17 
11.83 
14.67 
18.83 
0.00 
0.00 
4.50 
0.00 
8.00 
12.17 
6.50 
8.13 
12.30 
0.00 
0.00 
4.00 
0.00 
4.33 
6.33 
0.00 
9.33 
13.50 
7.77 
12.30 
15.33 
6.17 
8.83 
11.50 
31.17 
0.45 
.) at day 
\i^ 
18.00 
22.50 
30.07 
0.00 
0.00 
9.13 
16.00 
21.33 
28.83 
17.17 
29.17 
36.17 
25.67 
35.17 
39.33 
0.00 
4.00 
5.50 
0.00 
15.50 
20.67 
8.50 
12.40 
16.50 
0.00 
4.50 
6.50 
0.00 
7.17 
10.33 
0.00 
12.00 
17.00 
10.13 
16.00 
20.33 
8.67 
10.50 
13.83 
41.00 
0.48 
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Table 39. Percentage inhibition by neem based pesticides of 5. bassiana mycelial growth 
Neem based 
pesticide 
Neem oil 
Azadit 
Neemguard 
Nemadine 
Nimbecidine 
Achook 
Neemark 
Mean 
IX 
16.63 (24.04) 
20.34 (26.76) 
47.61 (43.62) 
27.15(31.37) 
36.13 (36.93) 
3.97 (11.45) 
2.48 (8.91) 
22.04(26.15) 
Multiple of dosage rate 
2X 
25.12(30.06) 
26.04 (30.68) 
56.67 (48.79) 
35.52(36.55) 
51.66(45.92) 
7.22(15.45) 
6.30 (14.46) 
29.79(31.70) 
Average 
20.88 (27.05) 
23.19(28.72) 
52.14(46.21) 
31.34(33.96) 
43.90(41.42) 
5.60 (13.45) 
4.39(11.68) 
CD (P 0.05) 
Between pesticides = 0.30 
Between concentrations = 0.16 
Interaction = 0.42 
(Figures in parenthesis are angular transformed values.) 
Table 40. Effect of neem based pesticides on growth oiB. bassiana. 
Neem based 
pesticides 
Achook 
Azadit 
Nemadine 
Neemark 
Neemguard 
Neem oil 
Nimbecidine 
Control 
CD (P=0.05) 
Concentration 
0.25 
0.50 
0.25 
0.50 
0.25 
0.50 
0.25 
0.50 
0.25 
0.50 
0.25 
0.50 
0.25 
0.50 
4th 
13.93 
12.07 
12.23 
10.63 
10.33 
8.00 
14.50 
12.93 
9.50 
7.40 
12.07 
10.13 
8.67 
7.33 
15.00 
0.39 
Mean growth diameter (mn 
gth 
30.00 
29.80 
22.50 
20.33 
20.33 
17.40 
30.50 
30.00 
15.17 
12.30 
24.17 
20.50 
18.50 
12.30 
31.17 
0.41 
I.) at 
12'" 
39.77 
39.00 
34.70 
33.50 
32.83 
30.83 
40.00 
38.67 
21.17 
18.07 
36.60 
34.63 
28.50 
22.50 
41.00 
0.42 
10 25 % Cone. D 0 50 % Cone 
60 r 
Achook Azadit Neemark Neemguard Neemoil 
Insecticides 
Nemadme Nimbecidine 
Effect of neem based pesticides on radial growth of B. 
bassiana at two different concentrations 
Fig. 11 
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Results of these trials show that, the fungicides as a group affected 
the growth of BBIO isolate of B. bassiana, the most, followed by 
insecticide and pesticides of plant origin. In general, all the pesticides 
affected the radial growth significantly at different concentrations tested 
as compared to control. 
4.7.2. Effect ofB. bassiana on some insect predators: 
Results pertaining to the evaluation of different predators revealed 
that adults of Coccinella septempunctata, C. transversalis, Menochilus 
sexmaculatus {coccinellidae) and Episyrphus sp. (syrphidae) were found 
susceptible to BBIO isolate of 5. bassiana to varying degrees (Plate-IX, 
Fig, 1-6). The mortality ranged from 5 per cent in syrphid to 40 per cent 
in coccinellid predators. However B. suturalis another coccinellid was 
not found susceptible at the tested concentration of 1x10^ conidia ml'^  
(Table-41). The incubation period was shortest (3 days) for C. 
septempunctata while mortality due to infection of BBIO isolate was 
highest in C. transversalis. 
Table 41. Effect of *B. bassiana on insect predators. 
Order/ 
family 
Coleoptera 
Coccinellidae 
Diptera 
Syrphidae 
Species 
Brumoides suturalis (F.) 
Coccinella septempunctata 
(L.) 
C. transversalis (L.) 
Menochilus sexmaculatus (F.) 
Episyrphus sp. 
Cumulative 
percentage 
mortality 
50.00 
50.50 
60.00 
70.00 
60.00 
** Cumulative 
percentage 
infected insect 
0.00 
30.00 
40.00 
30.00 
5.00 
Time 
for kill 
(days) 
0.00 
3 - 7 
4 - 7 
4 - 8 
4 
* At concentration of 1 x 10 conidia ml" ^  
**Cadavers producing conidia during post-mortem incubation 
Plate IX. Infection of Beauveria bassiana on some insect predators 
Fig. 1. Different stages of Coccmella septempunctata. Fig. 2. Enlargement of 
pupae of C. seplempiinclala showing emergence of flingal hyphae from 
intersegmental membranes. Fig. 3. Adults of Menochilits sexmacidahis. Fig 4 
Different stages of Coccwella transversalis. Fig 5. Enlargement of infected 
adult of C.transversalis. Fig. 6. Puparium of syrphid fly showing fungal growth 
at the apical and basal region. 
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In the second experiment different stages of C. septempunctata 
were evaluated and their susceptibility to BBIO isolate was compared on 
the basis of percentage mortality, LC50 and LT50 values. Data on mean 
per cent mortality of different stages of the predator at different 
concentration is given in Table-42. It is observed that mortality was 
comparatively highly significant at the concentration of 0.9x10^ conidia 
ml"' varying from 53.33 to 56.66 per cent in the three stages. It is also 
observed that mortality did not differ significantly at lower 
concentrations (ranging from 0.9x10'' to 0.9x10^ conidia ml"') in case of 
larvae and adults. Higher level of mortality was reached in larvae and 
pupae at the tested concentrations as compared to adults. In general the 
higher spore concentrations registered higher kill and infection 
percentage as compared to lower concentrations (Fig. 12). 
Table 42. Comparison of per cent mortality of different stages of C. septempunctata at 
different concentrations ofB. bassiana. 
Concentration 
(Conidia ml'') 
0.9x10^ 
0.9x10'* 
0.9x10^ 
0.9x10^ 
0.9x10' 
Control 
CD at 5% 
Mean % 
Larva 
23.33 
(28.78) 
30.00 
(33.21) 
36.66 
(37.22) 
36.66 
(37.14) 
56.66 
(48.93) 
0.00 
(0.18) 
8.59 
mortality of different stages 
Pupa 
16.66 
(23.85) 
23.33 
(28.78) 
36.66 
(37.22) 
43.33 
(41.15) 
56.66 
(48.85) 
0.00 
(0.18) 
5.88 
Adult 
16.66 
(23.86) 
20.00 
(26.67) 
23.33 
(28.78) 
26.66 
(30.99) 
53.33 
(46.92) 
0.00 
(0.18) 
7.41 
Figures in parentheses are angular transformed values. 
•% mortality of larvae • % mortality of pupae % mortality of adults 
0 9x10' 09x10'' 09x10- 09x10' 09x10' 
Concentrations (conidia ml' ) 
Effect of B. bassiana on different stages of C. 
septempunctata 
Fig. 12 
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From Table-43 & 44, it is further observed that LC50 and LT50 
values of B. bassiana varied for different stages. Values of LC50 varied 
from 2.42x10^ to 33.77x10^ conidia ml'' (lowest for the pupae and 
highest to adults). Values of LT50 varied from 142.49 hr to 170.02 hr 
again lowest for the pupae and highest for the adults. 
Table 43. Probit analysis of dose mortality responses of different stages of C 
septempunctata. 
Stage 
Larva 
Pupa 
Adult 
Chi^(3) 
0.93 
0.19 
2.32 
Regression equation 
3.65 + 0.20X 
3.19 + 0.28X 
3.20 + 0.24X 
*LC5o (xlO^ 
conidia ml'') 
4.73 
2.42 
33.77 
Fiducial limits 
(95%) 
0.13-175.45 
0.23-25.22 
0.51-2218.20 
Y = Probit kill, X = Log dose 
*a t8 day of observation 
Table 44. Probit analysis of time- mortality responses of different stages of C. 
septempunctata. 
Stage 
Larva 
Pupa 
Adult 
Chi^(6) 
1.42 
1.59 
1.08 
Y = Probit kill, X -
* at 0.9x10^ conidia ml"' 
Log 
Regression 
equation 
-0.58 + 2.53X 
-2.04 + 3.27x 
-1.45 + 2.89X 
time 
*LT5o (hr.) 
158.79 
142.49 
170.02 
Fiducial limits 
(95%) 
130.34-193.46 
105.94-164.04 
140.88-205.18 
On the basis of these observations it can be concluded that 
although all the stages of predator C. septempunctata were susceptible to 
BBIO isolate but pupal stage was most susceptible with comparatively 
higher mortality level and lower values of dose and time mortality 
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responses of the pathogen. However lower conidial concentration of up 
to 0.9x10^ conidia ml"' may be considered safer for different stages of 
this predator. 
4.8. Studies on the host range of BBIO isolate of J5. bassiana: 
Studies pertaining to screening of hosts of B. bassiana revealed 
that out of 24 species of insect pests evaluated, 22 were found susceptible 
(Table-45). However, two insect species, i.e. lemon butterfly, Papilio 
demoleus L. and red cotton bug, Dysdercus koenigii Fab were not found 
susceptible to this isolate as no mortality was reported in these pests. 
Pathogenicity tests show that the mortality and the observed 
infection varied from 33.33 per cent in case of okra fruit borer, Earias sp. 
to 100 per cent in H. armigera and toon shoot and fm\X borer, H. robusta, 
at the conidial concentration of 0.5x10 conidia ml" at 8 day of 
observation. Susceptibility based on LT50 values of the different insect 
species used in the time-mortality studies could be conveniently placed in 
to three classes i.e. most susceptible (LT50 less than 130 hr), moderately 
susceptible (LT50 between 130-200 hr) and least susceptible (more than 
200 hr). Thus on the basis of percentage mortality and LT50 values, the 
larvae of Dacus sp., E. machaeralis, H. armigera, H. robusta, L. 
orbonalis, P. xyllostella and S. obliqua were found most susceptible at 
the tested concentrations while larvae of E. merione, Earias sp. and S. 
litura were least susceptible and rest of the insect species moderately 
susceptible to BBIO isolate ofB. bassiana (Fig. 13). The infection ofB. 
bassiana in different insect pests has been illustrated in Plates- X to XII. 
Some of the important insect pests viz. Aulacophora foevicollis, 
Catopsilia crocale, Dacus sp., Ergolis merione, Earias sp., Leucinodes 
orbonalis, Pericalia ricini, Pygaera cupreata and P. fulgurita has been 
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screened in the laboratory for the susceptibiUty to B. bassiana for the first 
time in India, in the present studies. 
Table 45. Pathogenicity of B. bassiana (BBIO isolate) to different insect pests (at the 
concentration of 0.5 x lO^conidia ml"' of suspension). 
Order/species of 
host insect 
Coleoptera 
Aulacophorafoevicollis Lucas 
Diptera 
Dacus sp. 
Hemiptera 
Lipaphis erysimi Kalt. 
Drosicha mangiferae Green 
Lepidoptera 
Catopsilia crocale 
Earias spp 
Ergolis merione Gramer 
Etiella zinekenella Treit. 
Eutectona machaeralis Walker 
Helicoverpa armigera Hub, 
Hypsipyla robusta Moore 
Leucinodes orbonalis Guinee 
Orthaga euadrusalis Walker 
Pericallia ricini Fab. 
Pieris brassicae Linn. 
Plusia sp. 
Plutella xylostella Cur. 
Pygeara cupreata Walker 
Pygearafulgurita Walker 
Spilosoma obliqua Walker 
Spodoptera litura Fab. 
Sylepta derogata Fab. 
Common 
name 
Red pumpkin beetle 
Fruit fly 
Cabbage aphid 
Mango mealy bug 
Cassia butterfly 
Okra fruit borer 
Castor butterfly 
Pea pod borer 
Teak skeletonizer 
Gram pod borer 
Toon fruit/shoot borer 
Brinjal shoot/fruit borer 
Mango leaf Webber 
Castor caterpillar 
Mustard/cabbage butterfly 
Cabbage looper 
Diamond back moth 
Poplar defoliator 
Poplar defoliator 
Bihar hairy caterpillar 
Tobacco caterpillar 
Okra leaf roller 
Stage of 
insect 
Adult 
Larva 
Nymph/adult 
% infection 
at 8* day* 
55.00 
55.00 
60.00 
l"instar nymph 45.00 
larva/pupa 
Larva 
Larva 
Larva 
Larva 
Larva 
Larva 
Larva 
Larva 
Larva 
Larva 
Larva 
Larva 
Larva 
Larva 
Larva 
Larva 
Larva 
26.66 
33.33 
36.66 
60.00 
76.66 
100.00 
100.00 
70.00 
70.00 
60.00 
40.00 
50.00 
70.00 
60.00 
60.00 
73.33 
43.33 
45.00 
% mortality 
at 8* day 
55.00 
55.00 
60.00 
90.00 
40.00 
33.33 
36.66 
60.00 
76.66 
100.00 
100.00 
70.00 
70.00 
60.00 
40.00 
50.00 
70.00 
60.00 
60.00 
73.33 
43.33 
60.00 
LT50 
values 
157.94 
99.11 
137.92 
190.00 
268.83 
263.67 
219.96 
139.32 
120.13 
90.16 
125.24 
113.72 
149.49 
166.71 
210.01 
180.93 
122.24 
146.92 
169.18 
124.81 
199.20 
178.19 
*Cadavers producing conidia during post-mortem incubation. 
ILT50 values •Per cent mortality 
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Relative pathogenicity of B. bassiana (BB10 isolate) 
to different insect species 
Fig. 13 
*1 Aulacophora foevicollis, 2 Dacus sp , 3 Lipaphis erysimi, 4 Drosicha mangiferae, 
5 Catopsilia crocale 6 Ergolis merione, 7 Earias spp , 8 Etiella zirrxkenella, 
9 Eutectona machaei Helicoverpa armigera, 11 Hypsipyla robusta, 
15 Pieris brassicae, 16 Plusia sp , 17 Plutella xylostella, 18 Pygeara cupreata, 
19 Pygeara fulgurita, 20 Spilosoma obliqua, 21 Spodoptera litura, 22 Sylepta 
derogata 
Plate X: Infection of Beauveria bassiana on different insect species 
Fig. 1. Aulacophora foevicoUis, Fig. 2. Daciis sp. Fig. 3. Drosicha 
mangiferae. Fig. 4. Lipaphis eiysimi (infected nymphs marked with arrow). 
Fig 5. L. eiysimi (infected nymphs with profused fungal growth), Fig. 6. 
Pieris hrassicae. 
Plate XI: Infection of Beauveria bassiana on different insect species 
Fig 1 Ergolis merione. Fig 2 Catopsilia crocale. Fig 3 Eutectona 
machaeralis. Fig 4 Hehcoverpa armigera. Fig 5. Plutella xyloslella 
Fig 6 Efiel/a zmckenel/a, {a Healthy, b infected stage) 
Plate XII: Infection of Beauveria bassiana on different insect species 
Fig 1 Leiiunodes orhonahs. Fig 2 Orlhaga eiiadrusahs. Fig 3 Pencallia 
nam. Fig 4 Pliisia sp , Fig 5 Pygeara cupreata, Fig 6 Spodoptera litiira. 
Fig 7 Spilosoma ohliqiia (a Healthy, b infected larva) 
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4.9. Screening of different substrates for mass multiplication of 
BBIO isolate ofB. bassiana: 
Screening of different grains: 
Data presented in Table-46 shows the influence of selected natural 
media (comprising different grains) on sporulation of this fungus. The 
spore load ranged from 2.12x10'^  to 43.60x10^ conidia gm'^  in different 
substrate. Sorghum, rice and maize allowed significantly more 
sporulation (42.60 to 43.60x10^ conidia gm'') as compared to other 
grains (Plate- XIII, Fig. 1 & 2; Plate- XIV, Fig. 1-3). Significantly least 
sporulation was observed on oat (2.12x10 conidia gm'). The other 
substrates in descending order of sporulation intensity were pearl millet, 
wheat, gram and barley. 
Table 46. Effect of solid substrates comprising grains on spore production of B. 
bassiana. 
Substrate 
Pearl millet 
Gram 
Sorghum 
Maize 
Rice 
Wheat 
Oat 
Barley 
CD at 5% 
Spore load/g of media (n x 10 conidia) 
21.07 
12.57 
43.60 
42.60 
42.77 
16.14 
2.12 
11.46 
2.56 
Screening of different byproducts/waste products: 
Data presented in Table-47, shows the influence of selected media 
(comprising various byproducts/ waste products) on spore load of B. 
Plate XIII. Culture of Beauveria bassiana on different substrates 
Fig 1 (a) Maize , (b) Sorghum, (c) Barley, (d) Pearl millet. Fig 
2 (a) Wheat, (b) Rice, (c) Gram, Fig 3 (a) Rice bran, (b) Saw 
dust 
Plate XIV. Mass multiplication of ^. bassiana on promising substrates 
Fig 1 Culture on caished maize grains. Fig 2 & 3 Culture on rice grains 
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bassiana. The sporalation ranged from 0.00 to 42.04x10^ conidia gm"^  in 
different materials used as substrate. Significantly higher conidial yield 
was noticed in rice-husk supplemented with 1 per cent glucose and 1 per 
cent yeast extract while significantly less conidial yield was noticed in 
saw dust supplemented with 1 per cent glucose and 1 per cent yeast 
extract. 
Table 47. Effect of solid substrates comprising byproducts/industrial wastes on spore 
production ofB. bassiana 
Substrate 
Saw dust -
Saw dust + 
Rice bran -
Rice bran + 
Rice husk -
Rice husk + 
Wheat husk -
Wheat husk + 
CD 5% 
Spore load/gm of media (n x 10 conidia) 
0.00 
0.39 
0.00 
1.64 
33.07 
42.04 
1.62 
13.17 
3.70 
+ 1 % glucose and 1 % yeast extract 
Saw dust and rice bran alone did not favour growth of this fungus 
(Plate- XIII, Fig. 2). The other media with comparatively better yield 
were rice-husk alone (33.07x10^ conidia gm'^) and wheat husk 
supplemented with 1 per cent glucose and 1 per cent yeast extract 
(13.17x10^ conidia gm-'). It is also revealed from these results that 
addition of dextrose (carbon source) and yeast extract (nitrogen source) 
accelerated sporulation significantly in rice husk and wheat husk while it 
was absolutely necessary for saw dust and rice bran. 
CHAPTER - V 
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DISCUSSION 
5.1. Evaluation and characterization of different isolates of B, 
hassiana on the basis of their pathogenic potential to the test 
insects {Helicoverpa armigera, Spodoptera litura and 
Spilosoma obliqua): 
Result of this experiment revealed that all 10 isolates of 5. bassiana 
could infect the all three test insects. However, their virulence varied 
greatly with LC50S ranging from 0.30 x 10 to 116.63 x 10 conidia ml"' 
for H. armigera (Table-7), 20.17 x 10^  to 9781.55 x 10^  conidia ml"' for S. 
litura (Table-10) and 0.06 x l o S o 177.83 x 10^  conidia ml"' for S. 
obliqua (Table-13). In general, the BBIO isolate from bark-eating 
caterpillar proved most virulent for all three, test species. B. bassiana 
pathogen is already known for its wide geographical distribution and host 
range (Hall and Papierok, 1982). However, intra-specific differences in 
pathogenic activity may exist between isolates (Fargues and Remaudiere, 
1977). The results of present studies also clearly demonstrated difference 
in virulence of the test isolates. Similar results have been reported earlier 
in case of larvae of H. armigera (Prasad et al, 1990). In this case, the 
LC50 values ranged from 2.17 x 10 to 5007 x 10 conidia ml' ' , showing a 
wide variation. It was also to note that these isolates were originally 
obtained from different hosts and different geographical regions. Prasad et 
al. (1989) used the same isolates against larvae of S. litura also and 
obtained similar results, with LC50S ranging from 19.98 x 10^ to 7571.40 x 
10 conidia ml"'. In both the cases, B. bassiana (BPT isolate) was found 
most virulent. In the present studies BBIO isolate was found the most 
virulent with minimum values of LC50S for the test species. BBIO isolate 
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was, however, found seven times more virulent against H. armigera (LC50 
= 0.30 X 10 ), and equally virulent against S. litura (LC50 = 20.17 x 10 ) as 
compared to BB (BPT) isolate used by the above workers. Similarly, 
variations were also observed in LT50 values of different isolates reported 
in the above two species by the earlier workers. Results of the present 
investigations further confirm these observations as shown in Fig. 1. 
Results further revealed that BBIO isolate proved most virulent against S. 
obliqua with least LC50 of 0.06 x 10 conidia ml'' and causing cent per 
cent mortality (Table-12). These results are the first report on the 
screening and evaluation of different isolates of B. bassiana for this pest. 
However, Pandit and Samanta (1994) conducted some preliminary work 
and reported this pest susceptible to infection of 5. bassiana. 
Variations in the virulence of different isolates of B. bassiana have 
also been reported against a number of other Lepidopterous pests, e.g.: 
Ostrinia furnacalis Gn. (Xu et al, 1986), Chilo partelus Swinhoe 
(Maniania, 1991, 1992), Busseola fusca Fuller (Maniania, 1992), 
Emmalocera depressella Swinhoe (Easwaramoorthy and Santhalalcshmi, 
1993), Malacosoma americanum F. (Leathers and Gupta, 1993), Plutella 
xyllostella L. (Fuentes and Carballo, 1995; Selman et al, 1997), Diatraea 
saccharalis Fab. (Martinez etal, 1995; Diaz and Lecuona, 1995; Lecuona 
etal, 1996; Areas etal, 1999). 
It is generally assumed that the strain isolated fi-om a particular 
host, remain highly virulent to that host (Ferron et al, 1972; Fargues, 
1976). In the present studies, it was true for BB2 isolate of B. bassiana, 
which was originally derived from H. armigera and found highly virulent 
to this species, causing mortality even up to 100 per cent (Table-6). 
Similar observations were also made by Gopalkrishnan and Narayanan 
(1990) and Sandhu et al (1993) in case of H. armigera; by Maniania 
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(1992) against B. fusca\ by Rajak et al. (1993) in case oiE. machaeralis 
and H. puera, and by Lecuona et al. (1996) in case of D. saccharalis. But 
at the same time, result of the present investigations also showed that 
isolates derived from hosts belonging to different group of insects, 
different species of insects and from different geographical regions, varied 
in their virulence. Among these isolates some of them (BBl, BB2, BB3, 
BB4, BB7 and BBIO) were found highly virulent to the three test species 
(Table-6, 9 & 12 and Fig. 1). Among the isolates evaluated in the present 
studies, except BB2, all other potential isolates were originally derived 
from host other than the test species as listed in Table-1. Besides these, 
one isolate BBS, derived from Coleopterous host also proved virulent to 
Lepidopterous test species, H. armigera (Table-6). Diaz and Lecuona 
(1995) recorded similar observations in evaluation of 31 isolates of 5. 
hassiana against D. saccharalis. In this case, mortality due to infection of 
different isolates varied from 30-90 per cent. But the isolate originally 
derived from different species {Spilosoma virginica) proved most virulent 
(96% mortality) in comparison to the isolates derived from the test species 
{D. saccharalis) resulting in 80-90 per cent mortality. Similar results were 
also reported by other workers (Poprawski et al, 1985; Xu et al, 1986; 
Houle et al, 1987; Prasad et al, 1989, 1990; Khan et al, 1993; Leathers 
and Gupta, 1993; Martins and Lima, 1994; Diaz and Lecuona, 1995; Rosa 
etal, 1997). 
The above results thus suggest that neither the origin of host nor the 
phylogenetic relationship between potential hosts is a reliable indicator of 
the probable virulence of a specific fiingal isolate to a specific host as also 
suggested by Diaz and Lecuona (1995). 
It is thus concluded from the results of the above studies that 
different isolates of 5. bassiana showed great variations in their virulence 
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to the three test species (Fig. 1). However, no distinct relationship could 
be established between different parameters discussed above and the 
virulence of different isolates of B. bassiana. The differential 
susceptibility of the test larvae to the fungal isolates used may be due to 
inherent variations in the susceptibility of host insect to a particular fungal 
pathogen, the biochemical interaction in the infection process, different 
requirements of optimum environmental factors for each isolate, the 
culture medium, etc. This emphasizes the importance of careful selection 
of fungal isolates for use as microbial control agents. In the light of the 
results obtained, BBl, BB2, BBS, BB4, BB7, BBS and BBIO were the 
promising isolates of B. bassiana identified. However, BBIO the most 
virulent isolate was selected for detailed studies related with its 
development into mycoinsecticide for control of the major polyphagous 
pests, viz. H. armigera, S. litura and S. obliqua. Further studies were, 
therefore, conducted on bioassays related with pathogen-pest-host 
plant/host stage/temperature relationship, standardization of its cultural 
conditions and comparative evaluation, compatibility tests with pesticides 
and non-target insect species, host range and mass multiplication. 
5.2. Evaluation and characterization of different isolates of B. 
bassiana on the basis of physiological and morphological 
parameters: 
5.2.1. Effect of different synthetic nutrient media, pH and temperature on 
the growth of B^, bassiana: 
Effect of different synthetic nutrient media: 
Result of this experiment show that the isolates ofB. bassiana grew 
and sporulated on all kind of media tested (PDA, SDA, CDA, MEA, 
CMA and OMA) (Table-15, 16 & 17). These findings thus indicate that5.' 
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bassiana can grow and sporulate on wide variety of medium (both solid 
and liquid substrates). Many workers tiave already evaluated a variety of 
media for culture of this pathogen (Samsinakova et al, 1981; Smith and 
Grula, 1981; Galani, 1983; Filho etal, 1985; Lim etal, 1989; Hegedus et 
al, 1990; Paccola-Meirelles and Azevedo, 1990; Ibrahim and Low, 1993; 
Padin etal., 1996; Yamashita and Satomi, 1996). 
As a result of present studies SDA medium was found to provide 
best results when compared with other media on the basis of different 
growth parameters (with mean colony diameter of 36.71 mm, conidial 
density of 20.93 x 10^ conidia ml'' and dry mycelium weight of 0.2942g) 
(Fig. 2). However, BB3 isolate had significantly higher growth in CDA 
medium when compared individually for different media (Table-15). Lim 
et al. (1989) also found SDA to provide best growth with respect to 
colony diameter (36.63 mm at 12* day) and conidial production (2.26 x 
10^  conidia ml"' at 21^ ^ day) for B. bassiana isolate from H. theobromae, a 
pest of cocoa. The other media observed to give better growth, were PDA 
and MEA as reported in our results also. These results were nearly similar 
as observed in the present studies. Knudsen et al. (1990) also found 
biomass production significantly superior in Sabouraud broth medium in 
case of isolate derived from cereal aphid. PDA medium was however, 
found to provide significantly higher conidial yield and growth diameter 
in different isolates as reported by Paccola-Meirelles and Azevedo (1990) 
and Padin et al (1996). Wide variations in growth diameter (24.40 to 
36.20 mm) and in spoie production (1.30 x lO'^ to 27.20 x lO''conidia ml"') 
at 11^  day of growth were reported in different isolates by Paccola-
Meirelles and Azevedo (1990). Similar variations in these growth 
parameters were also observed in results presented in Table-15 to 17. In 
another study, the potato glucose medium was found less favourable to 
fungal growth in comparison to com residue, potato flakes and synthetic 
Wolenweber medium (Galani, 1983). These authors recorded poor growth 
of different isolates of B. bassiana in com meal agar as recorded also in 
the present studies. 
The differences in growth parameters of B. bassiana in different 
media of cultivation may be due to differences in their nutritional 
compositions, i.e., carbohydrate and nitrogen sources, the basal salts and 
even the coagulating agents. The media evaluated in the present studies 
also differed in their composition (Table-2). The Sabouraud's agar and 
broth, which proved the best medium, for growth of BBIO isolate 
contained 4% dextrose, 1% peptone and 2% agar and 2% dextrose and 1% 
peptone respectively. CD A, the next better medium contained 3% sucrose, 
0.3% sodium nitrate and 0.21% basal salts. The important role of different 
nutrient, in growth and sporulation of B. bassiana has been reported in 
studies carried out by various workers (Samsinakova et ah, 1981; 
Motobayashi et al, 1988; Rombach, 1989; Hegedus et al, 1990; 
Yamashita, 1996). 
The other important observations made from the present 
investigations were that the isolates differed significantly in the 
production of conidia and hyphal growth. It was also observed that each 
isolate had different responses to the media used. Figure 3 shows the 
response of different isolates on SDA medium with respect to different 
growth parameters. Wide variations were noticed in different isolates with 
respect to various growth parameters. In the ten isolates evaluated the 
growth diameter varitd from 25.90 to 37.66 mm, conidial production 
from 6.09 X 10^ to 24.81 x 10^ conidia ml"' and dry mycelial weight from 
0.2036 to 0.3208 g (Table-15 to 17). These results are in general 
agreement with observations made earlier in the case of B. bassiana and 
other important fringal pathogens including M. anisopliae and P. 
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farinosus (Machowicz-Stefaniak, 1988; Paccola-Meirelles and Azevedo, 
1990; Kleespies and Zimmermann, 1992; Feng et ai, 1994; Lecuona et 
al, 1996; Areas et al, 1999). 
It was also observed that not all of the most virulent isolates were 
good hyphal or conidial producers. For example, our observation showed 
that isolate BB2, which is next to BBIO in virulence (Fig. 1), has 
comparatively lower conidial and hyphal yield (Table-16 & 17). The 
conidial production was 6.39 x 10 and 23.95 x 10 conidia ml' 
respectively in BB2 and BBIO isolates (Table-16), while dry mycelial 
weight was 0.2485 and 0.3208 g respectively in both the isolates (Table-
17). In contrast, BB6 a less virulent isolate had better biomass production 
in comparison to more virulent isolates, BB1 and BB2, or isolate BB4 had 
better conidial production but found less pathogenic to the three test 
species. These observations are in confirmation with the findings of 
Lecuona et al. (1996). 
In general, from the above results, no definite correlation between 
growth parameters of different isolates and their pathogenicity could be 
established. Variations were observed in each characteristic and also in 
virulence of different isolates. However, isolate BBIO was found most 
virulent as well as productive in respect to different growth parameters 
(Fig. 3). On the basis of these characteristics this isolate may therefore, be 
considered for the development into potential mycoinsecticide. Therefore, 
this isolate was selected for further studies 
Effect of different initial pH values: 
Results of this experiment revealed that the different isolates of B. 
bassiana were able to grow well in media with pH 5 to 7 (Table-18). Most 
of the isolates, however, registered higher hyphal growth between pH 6 
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and 6.5. Galani (1988) also reported highest biomass values at pH 6 for B. 
bassiana. Thereafter the yield tended to be higher towards basic media 
rather than acidic media. Shimazu and Sato (1996) in their investigations 
reported B. bassiana to grow well at high pH of more than 10. These 
differences in hyphal growth may be due to natural variability existing 
between different isolates in response to different factors of growth. 
Results of present studies also indicated that different isolates differed in 
biomass production at different pH values (Fig. 4). Vast differences in pH 
values required for growth of different isolates have also been reported by 
Kleespies and Zimmermann (1992) in case of M anisopliae. 
Range of pH between 5-7 was also found suitable for growth of 
other entomogenous ftingi, i.e., V. lecanii (Easwaramoorthy and Jayaraj, 
1977); M anisopliae (Sundra Babu et ai, 1986); Hirsutella spp., M 
flavoviride and N. rileyi (Im et al., 1988) and Paecilomyces cicadae 
(Chen, 1991). 
Effect of different temperature: 
In the present studies, although temperatures from 15 to 35 °C 
supported growth of the ten isolates of B. bassiana, the optimum was 
between 20 and 30 °C (Table-19, Fig. 5). These findings fiirther confirm 
the observations of Roberts and Campbell (1977); Kuberappa and 
Jayaramaiah (1987); Fargues et al. (1992); Khan et al. (1993); Fargues et 
al. (1997). Lim et al. (1989) however, reported the temperature range 
between 5 and 30°C for growth of an isolate of this ftmgus from cocoa 
mirid, Helopeltis theobromae. 
The optimal temperature for the majority of the isolates studied, 
was 25 °C (Table-19, Fig. 5). Fargues et al (1992) also reported 25 °C as 
optimal temperature for majority of isolates out of 31 evaluated. Fargues 
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et al. (1997) found relative growth rate for each isolate significantly 
affected by temperature. These authors further reported that the optimal 
temperatures for B. bassiana varied between 25 and 28 °C. However, 
several isolates exhibited optimal growth at temperatures as low as 20 °C 
or as high as 30 °C. Results of the present studies also show that growth 
was optimum for most of the isolates at 25 °C except for one isolate 
(BB6) at 20 °C and for BB3 and BBS isolates at 30 °C. Junianto and Sri 
Sukamto (1995) also found optimum hyphal growth and sporulation to 
vary around 25 °C for the 5 isolates of this fungal pathogen (ranging from 
25 to 27 °C). 
Optimum temperature range of 20 to 30 °C has also been found 
suitable for sporulation and germination of B. bassiana by various 
research workers (Walstad et al., 1970; Kuberappa and Jayaramaiah, 
1987; Fernandes et al, 1989; Lim et al, 1989; Khan et al, 1993; Itoh et 
al, 1994; Junianto and Sri Sukamto, 1995). 
Significant variations reported in growth among isolates in 
response to different temperatures may be due to intra-specific variability 
of isolates. These differences were more pronounced among the isolates at 
temperature < 20 °C or > 30 °C as also observed by Fargues et al (1992, 
1997). 
It is thus concluded from above results that the isolates of B. 
bassiana were capable of growth within wide temperature range with 
adaptation to different geoclimatic conditions. However, there is a wide 
variation in specificity between isolates. Significantly higher radial 
growth was observed in BBIO, the most virulent isolate selected and 
evaluated against the test insects. The optimum temperature was 25 °C for 
growth of this isolate. BB3 and BB8, the other virulent isolates with 30 °C 
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as optimum temperature requirements may be considered for use in 
tropical and sub-tropical climates for control of test insects. 
5.2.2. Study of morphological characters ofB. bassiana: 
Present studies regarding the morphological characters revealed 
that 10 different isolates did not differ much in shape and size of conidia 
as also reported earlier in 4 strains of 5. bassiana by Li (1987). Results of 
his studies showed that different isolates had spores of similar size 
varying from 2.7-3.2 |am in diameter. In the present studies the size of 
conidia varied from 1.88-2.56 |j,m x 1.80-2.44 )Lim between 10 isolates 
studied. Varela and Morales (1996) however reported variations in the 
morphology of conidia among 6 isolates of B. bassiana. They recorded 
three size ranges and two shapes. Mesquita Palva et al. (1996) also 
studied the conidial morphogenesis of different strains of the fungus under 
SEM. 
In general conidia of B. bassiana are globose to subglobose and 
vaiying in size from 2-3 |^ m x 2.0-2.5 \im as described by Samson (1981) 
and Fassatiova et al. (1983). Similar shape and size around this range 
were also observed in conidia of different isolates of B. bassiana in the 
present studies. BBIO isolate was observed to have globose to subglobose 
conidia with the average diameter size of 2.05 \im x 1.80 |j,m and basal 
stalk of 0.55|im as revealed by SEM studies (Plate- IV & Fig. 1 to 3). Lim 
et al. (1989) as a result of SEM observations reported, globose to broadly 
ellipsoid, blastic conidia, measuring 1.86 - 3.0 |im x 1.86 - 2.70 |j,m with 
stalk size of 0.5 - 1.0 |j,m, both on cadavers ofH. theobromae and on agar 
media. Bidochka et al. (1993) conducted SEM studies of conidia for an 
isolate from Lygus sp. and recorded conidial size ranging from 2.33 - 2.25 
|im X 1.83 - 2.08 |im while Ambethgar (1997) recorded spherical to oval 
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conidia with a diameter range of 2.26 - 4,54 i^m under microscopic 
examination under 40X. 
Rombach (1989) observed that submerged produced conidia and 
aerially produced (as on agar) conidia did not significantly differ in shape 
or size. He recorded size ranging between 1.78 - 2.8 |j,m x 1.71 - 2.5 \xm 
for conidia produced in submerged culture. It was also observed that both 
types of conidia possess a pedicel and are produced by sympodial 
proliferation from conidiogenous cells born on conidiophore. Similar 
structures were observed in the present studies (Plate- IV, Fig. 1 to 3) and 
also reported by other workers (Samson, 1981; Fassatiova et al, 1983; 
Lim etal, 1989; Ambethgar, 1997). 
It is concluded from the above observations that in general conidial 
shape varied from globose to subglobose or spherical or oval and size 
varied round 2-3 |im in diameter in different isolates of B. bassiana with 
the only exception of maximum diameter of 4.5 |u,m reported by 
Ambethgar (1997). It is also observed from the various size ranges 
recorded by different workers for different isolates that the size of conidia 
varied not only between the isolates but within the isolates also. It is thus 
fiirther concluded that conidial size can not be used as adequate criteria 
for identification of isolates as also suggested by Ferron (1981), 
5.3. Studies on the histopathology of H. armigera, S. litura and S. 
obliqua infected with BBIO isolate ofB, bassiana: 
Histopathological observations on infection oiB. bassiana in larvae 
of H. armigera, S. litura and S. obliqua showed that accumulation and 
germination of conidia occurred on host cuticle, which was later 
penetrated, followed by hyphal proliferation, development and sporulation 
in hypodermis, haemocoel and gut lumen resulting in degeneration and 
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disintegration of viscera and tissues and again hyphal emergence to the 
exterior (Plate- V, VI & VII). Thus results of the present studies also 
confirm the general infection process of B. hassiana in insect host as 
determined histologically by various other research workers (Wasti and 
Hartmann, 1975; Atuahene and Doppelretter, 1982; Fasih and Srivastava, 
1988; Su, 1989; Hazarika and Puzari, 1990; Bidochka et al, 1993; Kaaya 
etal, 1993; Sohafer^/., 1993; Ramleee?^/., 1996). 
Present studies revealed that penetration of epidermis by 
germination of conidia occurred within 24 to 48 hr post-inoculation in 
case of S. obliqua. Similar observations were also recorded in case of 
lepidopterous larvae of M. plana (Ramlee et al, 1996) and larvae of 
coleopterous weevil, C. formicarius (Su, 1989), while penetration of 
epidermis and fat body was noticed at 72 hr post-inoculation in case of 
silkworm, 5. mori{SohQ.fetal, 1993). 
Further, observations revealed that the whole body cavity was filled 
with B. bassiana hyphae and spores and massive disintegration of internal 
tissues occurred. Emergence of hyphae to the exterior occurred at 96-120 
hr post-inoculation in case of H. armigera and S. obliqua (Plate- VI & 
VII, Fig. 1-3) but within 120 to 144 hr post-inoculation in case of 5". litura 
(Plate- V, Fig. 5 & 6). In case of M plana (Ramlee et al, 1996) and C. 
formicarius (Su, 1989), also the process of growth and development of 
hyphae and spores inside the body cavity was completed within 96-120 hr 
post-inoculation while at 132 hr and after in case of .8. mori (Sohaf e^  al, 
1993). 
The above observations are important as they confirm the mode of 
infection and pathogenicity ofB. bassiana in the host insects tested. These 
findings are also important fi-om the point of view of virulence as the 
pathogenic process may take its own time and course, which may vary 
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with different isolates and in different host species. Pathogenicity further 
depend upon the number of other factors i.e. production of cuticle 
degrading and other enzymes, toxins etc. These factors play an important 
role in infection process besides, the possible mechanism of pathogenicity 
involving invasion of haemocoel tissues and/or organs leading to 
malfunctioning of vital organs affecting physiological activities. In 
addition, depletion of nutrients by the fungus during mycosis probably 
resulted in death of the host insect. 
5.4. Studies on the susceptibility of different larval instars of H. 
armigera, S. litura and S. obliqua to BBIO isolate of B. 
bassiana at different inoculum levels: 
Results of the bioassay test with regard to larval instar-dose-
mortality relationship in the test species, revealed that, in general, higher 
percentage mortality were observed because of infection of 5. bassiana in 
early instar larvae as compared with the later instars. This shows that the 
mortality rates decreased with advancement in age of the larvae (Table-
22, 25 & 28). Similar results were reported by Gopalkrishnan and 
Narayanan (1990) in H. armigera, recording maximum mortality (70%) in 
2nd-instar larvae and significantly low mortality (56 to 58%) in 4"^ - and 
S"^  -instar larvae using isolate derived from the same host. Whereas, 
present studies showed 73 per cent mortality in 2"'* -instar and 51.24 to 
52.08 per cent in the 4^ ^ - and 5*- instar larvae of H. armigera. Similar 
trend was also reported by Sandhu et al. (1993) in H. armigera. In case of 
S. litura, maximum mortality of 48.15 per cent in 2"''- instar and 26.78 per 
cent in 5*-instar were reported in the present studies. Jayanthi and 
Padmavathamma (1996) recorded similar trend in instar-mortality 
relationship in S. litura, supporting the author's findings. Instar-dosage-
mortality relationship has been worked out for the first time in case of S. 
obliqua. Mean mortality in this case varied from 64,16 per cent in 2 
instar to 35.41 per cent in 5*- instar. Variations in the mortality 
percentage of different instars were also observed in O. nubilalis larvae 
(Feng et al, 1985), in teak defoliators, H. puera and E. machaeralis 
(Rajake^a/., 1993). 
Variations in the susceptibility of different larval instars of the three 
test insects were further confirmed by the results of probit analysis of 
dose-mortality and time-mortality relationship. It was found that the initial 
stages were more susceptible with lower LC50 and LT50 values for the 
pathogen with few exceptions. Present investigations showed that in case 
th 
of H. armigera, the 4 -instar larva was most resistant with respect to 
LC50 estimates (Table-20) and in case ofS. litura, the 2"*^  -instar larva was 
more resistant than 3'^ '' -instar with respect to LT50 estimates (Table-24). 
Mohammad et al. (1977) also reported similar responses in Helicoverpa 
zea Boddie. Feng et al. (1985) also reported the 4"^  -instar larvae as most 
resistant in case of O. nubilalis, but no definite conclusion could be drawn 
about the cause of the susceptibility of the 5* -instar in the above case. 
They also viewed it to the chance of casting off inoculum through 
moulting before infection, because of shorter duration of initial instars as 
compared to later instars, particularly the last one. 
General trend with regard to susceptibility of different larval instars 
based on LC50 and LT50 values of 5. bassiana for the above three species, 
reported in present studies, were in agreement with the observations of 
Gardner and Noblet (1978) for Helicoverpa virescens F., Spodoptera 
exidania and S. frugiperda J. E. Smith; Samsinakova et al. (1981) and 
Feng et al. (1985) for O. nubilalis; Prasad et al. (1989) for S. litura; 
Prasad et al. (1990) and Sandhu et al. (1993) for H. armigera; 
Sivasankaran et al. (1990) for Chilo infuscatellus Snellen; Rajak et al. 
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(1993) for H. puera and E. machaeralis; Jayanthi and Padmavathamma 
(1996) for S. litura; Hafez et al. (1997) for Phthorimaea opercullela 
Zeller, all belonging to group lepidoptera. 
LC50 and LT50 estimates for B. bassiana to H. armigera and S. 
litura worked out in the present studies differ with studies conducted by 
other workers. The LC50 estimates of the fungus for H. armigera as 
reported in the present studies varied from 0.01 x 10 to 3.22 x 10 conidia 
ml'' for the 2^^ to 5* -instar larvae, respectively (Table-20). Results of 
laboratory evaluation of Prasad et al. (1990) showed LC50 for this species 
as 1.61 xl05, 6.45 x 10^  and 11.72 x 10^  conidia ml'' for the 2"''-, 3'^ ^ - and 
4 -instar larvae. The LT50S for the fungus reported as a result of present 
studies varied fi"om 82.79 to 143.80 hr (Table-21) for the respective 
instars while LT50S reported by the above workers were 101.16, 111.13 
and 128.35 hr for the 2"'' -, 3" -^ and 4"" -instar larvae at conidial 
concentrations of 1 x 10 conidia ml''. This shows that BBIO isolate was 
comparatively more virulent to this species. Sandhu et al. (1993) reported 
LC50 of 0.9636 xlO'* conidia ml'' and LT50 of 98.80 hr at 1.2 x 10^  conidia 
ml ' , for the 3 -instar larvae ofH. armigera. 
In case ofS. litura, LC50 estimates for B. bassiana varied from 7.20 
x 10 to 8527.80 x 10 conidia ml'' for the respective instar of 2 to 5 
(Table-23). Prasad et al. (1989) reported LC50 estimates of 16.98 xlO^ 
58.23 x 10 and 235.60 x 10 conidia ml'' for the respective instars of 2 to 
4 for this pest. LT50 estimates for the fungus for this species was higher 
for all the instar (Table-24) as worked out in the present studies as 
compared to 112.87, 120.03 and 130.86 hr for the instars of 2-4 reported 
by the above workers earlier. In case of S^*. obliqua, different instars were 
evaluated for infection of B. bassiana for the first time in the present 
studies. The LC50 estimates varied from 0.24 x 10^  to 3269.56 x 10^  
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conidia ml'' and LT50 estimates varied from 79.30 to 188.09 h for the 
respective larval stages of 2"^ * to 5^*^  (Table-26 & 27). 
Reasons for above-mentioned differences in susceptibilities of the 
same species may be attributed to the differences in virulence of isolates 
used by different workers and also inherent differences in geographical 
populations of species tested. Variations in the relative susceptibility of 
different larval instar of noctuids, were also noticed to the fungal 
pathogens other than B. bassiana (Fargues and Rodriguez Rueda, 1980; 
Ignoffo, 1981). 
It was also revealed from the results that, dose-mortality response 
of different instars showed linear relationship. The three test species were 
found more susceptible to the infection of B. bassiana at higher 
concentrations than at lower concentrations. Walstead and Anderson 
(1971) also found that the mortality was a function of the quantity of 
inoculum applied. The present findings are also in confirmation with 
findings of Gopalkrishnan and Narayanan (1990); Prasad et al. (1990); 
Sandhu et al. (1993); Jayanthi and Padmavathamma (1996) in case of//. 
armigera and S. litura. This general pattern of susceptibility towards B. 
bassiana infection was noticed in number of species belonging to 
lepidoptera and other group (Carruthers et al, 1985; Feng et al, 1985; 
Gilreath and Funderburk, 1987; Sivasankaran et al, 1990; Puzari et al, 
1994; Rosa era/., 1997). 
It was concluded from the above studies that both host age and 
exposure levels of fungus are responsible for influencing pathogenicity of 
B. bassiana among other factors (Fig. 6). These results also suggest that 
for control of the test insects, B. bassiana applications should be 
synchronized with the occurrence of early instars and dose giving desired 
mortality within safe period should be selected. The present studies also 
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established dose-mortality relationship for the first time for larvae of S. 
obliqua and further confirmed the pathogenicity of B. bassiana in this 
insect evaluated earlier by Pandit and Samanta (1994). 
5.5. Studies on the influence of. different host plants on the 
susceptibility ofH. armigera, S. litura and S. obliqua to BBIO 
isolate of i?. bassiana: 
Results of the present studies as shown in Fig. 7 revealed that 
larvae of H. armigera, S. litura and S. obliqua reared on different host 
plants in the laboratory, more or less varied in their susceptibility to B. 
bassiana infection as compared on the basis of percentage mortality and 
LT50 values. H. armigera larvae were significantly more susceptible to B. 
bassiana infection when reared on C. arietinum and P. sativum as 
compared to when reared on L. esculentum and C. cajan (Table-29). 
Similarly, S. litura larvae were significantly more susceptible to this 
fungus when reared on B. oleracea varieties and R. communis and least 
susceptible when reared on A. hypogea (Table-30), while S. obliqua were 
more susceptible when reared on B. oleracea var. capitata and least 
susceptible when reared on R. communis (Table-31). 
Hare and Andreadis (1983) recorded similar observations with L. 
decemlineata larvae showing variation in susceptibility to infection of B. 
bassiana when reared on different Solanum spp. and L. esculentum. 
Larvae of L. decemlineata were least susceptible to B. bassiana when 
reared on L. esculentum as observed in the present studies also in case of 
H. armigera. Ramoska and Todd (1985) also reported similar results in 
case of B. leucopterus leucopterus, adults and nymphs of which were 
found less susceptible to B. bassiana when reared on sorghum and maize 
as compared to other host plants, artificial diet and water. Observations of 
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Macedo et al. (1990) also confirmed the differential susceptiblity in larvae 
of D. saccharalis when reared on different host plants. Larvae of this pest 
were more resistant to B. bassiana when reared on rice and maize than on 
cane and sorghum. Differential susceptibility was also reported by Alves 
et al. (1990) for D. saccharalis larvae reared on different types of diets in 
the laboratory. 
In general, the various researchers were of the view that the 
fungistatic chemicals produced by different hosts may be responsible for 
differential susceptibility of insects to B. bassiana infection when reared 
on different host plants. This may be true with the present observations 
also. These studies also show that variations among host plant species 
may also affect the susceptibility of insect species to entomopathogenic 
fungi. This factor, therefore, may also be taken in to consideration while 
making decisions, where B. bassiana has to be used as bioagent for 
control of polyphagous pest species. 
5.6. Studies on the effect of different temperature on the 
susceptibility ofH, armigera, S. litura and S, obliqua to BBIO 
isolate oiB. bassiana: 
It is concluded from the results of this experiment that mortality in 
all the three species of larvae due to B. bassiana was found to depend on 
temperature (Table-32 to 34). However, 25°C was found as optimum 
temperature for all the three species for infectivity of B. bassiana. Lower 
LT50 values and higher mortality percentage were reported in the larvae of 
all the three species at this temperature (Fig, 8). 
Optimum temperature for B. bassiana determined in this study is 
similar to the findings of other workers in case of different insect species. 
Lower LT50 values and disease incubation period were recorded at 25° 
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and 26 °C in lepidopterous larvae of European com borer, 0. mibilalis 
(Riba and Marcandier, 1984; Carruthers et al, 1985). Similar results were 
obtained in case of larvae of D. saccharalis (Lecuona and Alves, 1988); 
H. puera (Rajak et al, 1993), H. armigera (Sandhu et al,. 1993) and P. 
xylostella (Selman et al, 1997). 
Shorter median lethal time and higher kill was recorded under high 
temperature ranging from 25o to 30°C in case of other insect species also 
(Wegensteiner and Fohrer, 1988; Diehl Fleig et al, 1988; Krueger et al, 
1991; Wegensteiner, 1992; Kim Hyeong Jun et al, 1996; Hu Wen Jin et 
al, 1996 and Yasudaera/., 1997). 
It was further concluded that while making selection for a candidate 
strain for microbial control, one should take in to consideration not only 
optimum temperature for the fungal isolate, but also the optimum 
temperature for disease development in the target insect in a particular 
environment. 
5.7. Studies on the compatibility of BBIO isolate of B. bassiana 
with pesticides and bioagents: 
5.7.1. Effect of pesticides on radial growth ofB. bassiana: 
Effect of Fungicides 
Results pertaining to the effect of pesticides on radial growth of 5. 
bassiana revealed that all the fungicides affected the growth significantly 
as compared to control. Reduction in mycelial growth varied from 38.58 
to 100.00 per cent in different fungicides as assessed on the basis of 
colony diameter (Table-36). In all the cases where there was an effect, it 
was inhibitive and can be regarded as fungistatic. Only exception was the 
clearly fungicidal effect of carbendazim on this isolate of B. bassiana 
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(Fig. 9). Similar results were obtained by Machowicz-Stefaniak (1985), 
Kuberappa and Jayaramaiah (1988). Carbendazim was, however, found 
less inhibitory to B. bassiana isolate in our earlier studies (Masarrat 
Haseeb and Srivastava, 1996). These contradictions could be explained by 
the variations in sensitivity to a particular chemical among isolates of the 
same fungal species, as noted by Olmert and Kenneth (1974), Bajan et al. 
(1995). 
Benomyl, zineb, tricyclazole, thiophanate methyl, mancozeb, 
thiram, dodine continued to be strongly inhibitory for growth of B. 
bassiana as revealed from present studies also (Table-35 & 36). Present 
findings are in general agreement with the results reported by earlier 
workers (Galani, 1980; Tedders, 1981; Clark et al, 1982; Loria et al, 
1983; Machowicz-Stefaniak, 1983, 1985; Sampson er a/., 1986; Vanninen 
and Hokkanen, 1988; Kuberappa and Jayaramaiah, 1988; Aguda et al., 
1988; Itoh et al, 1994; and Feng and Chiang, 1995; Mietkiewski et al, 
1997. However, reduction in mycelial growth was comparatively low in 
sulfur and dinocap (38.58 and 45.08 % respectively). In the present 
studies, sulfur and dinocap was again found more or less compatible with 
B bassiana as also reported by Olmert and Kenneth (1974), Masarrat 
Haseeb and Srivastava (1996) and Jaras et al (1999). These results thus 
show that the pesticides, particularly most of the fungicides are 
detrimental to the growth of B. bassiana as also experienced by other 
researchers (Wright and Kennedy, 1996; Lee Sang Myeong, 1996). 
Effect of Insecticides: 
Studies regarding the effect of insecticides revealed that the 
organophosphate was more strongly inhibitory than the other insecticides. 
These insecticides resulted in 60.97 to 94.64 per cent reduction in average 
colony diameter (Fig. 10). Endosulfan, malathion and chlorpyriphos was 
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the most toxic to BBIO isolate as revealed in our findings. Hall and 
Papierok (1982) also found chlorpyriphos detrimental to another 
entomogenous fungus, M. anisopliae. Greatest reduction in colony 
diameter and mycelial growth was observed in B. bassiana at the 
recommended dosages of endosulfan for the control of cotton pests 
besides other organophosphates (Almeida et al, 1998). Anderson and 
Roberts (1983) found endosulfan greatly affecting germination of B. 
bassiana. Hall (1981) reported 100 per cent inhibition of germination and 
66 per cent inhibition of mycelial growth in Verticillium lecanii Zimm 
when malathion was mixed with the media at recommended 
concentrations as also reported in case of B. bassiana in the present 
studies (94.20 %) (Table-37). 
Insecticides next in order of toxicity were methyl parathion, 
monocrotophos, fenvalerate, kelthane and phosphamidon causing 69.90 to 
87.5 per cent reduction in average radial growth (Fig. 10). Vyas et al. 
(1990) found quinalphos affecting the growth and sporulation of another 
species of Beauveria (B. brongniartii). In the present studies, this 
pesticide caused 60.05 per cent reduction in mycelial growth of B. 
bassiana at recommended concentration and 49.21 per cent reduction at 
lower concentration. It is concluded from these observations that among 
the organophosphate group of insecticides, quinalphos is comparatively 
safer and may be applied with B. bassiana with certain waiting period 
which may be determined by conducting the field trials. 
Among the synthetic pyrethroids, fenvalerate was toxic at higher 
concentrations (0.015%) but resulted in comparatively low reduction in 
growth (52.76 %) at lowest concentration (0.005% a.i.) (Table-37). 
Anderson and Roberts (1983) reported 92.78 per cent reduction in spore 
germination of B. bassiana at 995 ppm of this insecticide. However, 
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pesticides effect on B. bassiana spore germination may be quite different 
from those on mycelial growth. Anderson et al. (1989) reported in their 
bioassays no significant antagonism when B. bassiana and fenvalerate 
were mixed only briefly and applied against Colorado potato beetle. 
However, prolonged in vitro exposure of B. bassiana conidia to this 
insecticide formulation does appear to be detrimental as observed in the 
present studies. In this group of insecticides, cypermethrin was found 
comparatively safer with 43.78 per cent reduction in colony diameter. 
This insecticide was found comparatively less inhibitary to mycelial 
growth as also reported by earlier workers in case of insect pathogenic 
fungi, B. bassiana, M. anisopliae, Paecilomyces fumosoroseus (Weize) 
Brown and Smith, and P. farinosus (Vanninen and Hokkanen, 1988; 
Moorhouse et al, 1992). Results of present studies show 41 per cent 
reduction in mean growth of B. bassiana (Table-37). The growth was 
further reduced at the lowest concentration, which may be safely 
combined with the pathogen for control of pests. 
Cadatal and Gabriel (1970) and Gardner et al (1979) found that 
carbaryl inhibited in vitro B. bassiana mycelial growth. In further in vitro 
studies, B. bassiana germination (Anderson and Roberts, 1983) and 
colony growth (Olmert and Kenneth, 1974) were inhibited for carbaryl for 
only one B. bassiana isolate out of 6 that were tested. Inhibitory effects 
were near minimum in case of carbaryl and B. bassiana combination as 
noted in present studies. These results are significant from the point of 
view of IPM as carbaryl is one of the commonly used insecticides in 
horticultural crops including vegetables in our country. 
As a result of present studies, dimethoate insecticide was found 
least inhibitory (32.37% reduction in average mycelial growth), while 
19.30 per cent reduction was noticed at half the recommended 
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concentration. However, in reports of Vanninen and Hokkanen (1988), 
dimethoate was not found inhibitory at all. Mietkiewski and Gorski 
(1995) also recorded similar observations on effect of dimethoate on this 
fungus. 
Effect of pesticides of plant origin: 
Results of the present work demonstrate that, most of the neem-
based products were compatible with B. hassiana. In this group of 
pesticides, average reduction in hyphal growth varied from 4.39 to 52.14 
per cent with Neemark restricting the growth to minimum (Fig. 11). 
Neemark was also found to cause no harmful effect on mycelial growth of 
B. brongniartii and M anisopliae as reported by Vyas et al. (1992). 
Aqueous neem seed extract was also found compatible with B. bassiana at 
the dose ranging from 0.5 to 5.0 per cent as it did not inhibit mycelial 
growth and spore viability (Arturo Rodriguez-Langunes et al., 1997). 
Olson and Getting (1999) reported reduction of growth of 5. bassiana up 
to 50 per cent by use of azadirachtin as insect growth regulator as 
observed in their laboratory evaluation. In the present studies, 
Nimbecidine and Neemguard also caused reduction in growth (43.90 to 
52.14 %). It appears that besides the active ingredient (azadirachtin), the 
formulation of particular product is also important for causing inhibition 
in growth of entomopathogenic fimgi as reported in case of other 
pesticides (Anderson and Roberts, 1983). 
Besides B. bassiana, other entomopathogenic fimgi were also found 
affected by various neem products and other plant extracts. Studies 
conducted by Aguda et al. (1986) showed that even lower concentration 
of 5 per cent neem seed oil had a significant inhibitory effect on growth 
and sporulation of M anisopliae. Similar observations were also reported 
in the present studies in case of B. bassiana. Whereas, neem seed kernel 
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extracts did not had any detrimental effect on A^ . rileyi (Devi and Prasad, 
1996). 
Most of these results are based on combination of biocides in agar 
media. Results may, however, be different if they are used with sublethal 
concentrations and certain waiting period. It is concluded from the above 
discussion that B. bassiana may be used effectively in IPM of insect pest 
control by careful selection of neem based pesticides and their 
formulations. The neem-based pesticides have also been reported safer for 
other important natural enemies of pests, like predatory coccinellids, 
braconids, spiders and some other important egg parasites and predators 
(Schmutterer, 1995). Natural pesticides were also reported to have 
synergistic effects with other pathogens {Bacillus thuringiensis Berliner 
and nuclear polyhedrosis virus) in control oiS. litura (Prasad et al., 1989; 
Joshie/a/., 1990). 
In general it is concluded from the above results and discussion that 
the fungicide as a group affected the growth of BBIO isolate of B. 
bassiana the most, followed by insecticides and pesticides of plant origin. 
In most of the cases pesticides had inhibitive effect and may be regarded 
as fungistatic. In general, all the pesticides affected the average hyphal 
growth significantly at different concentrations tested, as compared to 
control (Table-36, 38, & 40). The results also show increasing trend in 
percentage reduction of mycelial growth of B. bassiana with increasing 
concentration in SDA with almost all the pesticides tested. Tedders (1981) 
and Moorhouse et al. (1992) reported similar trend. 
However, the above results gave some idea about compatibility of 
the tested pesticides to BBIO isolate of B. bassiana on the basis of 
mycelial growth. There are other parameters i.e. spoliation and viability 
which are important for virulence of a pathogen. There are conflicting 
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reports about sensitivity of mycelial growth and germination to pesticides. 
Zimmermann (1975) and Moorhouse et al. (1992) however, reported 
mycelial growth as more sensitive than germination of entomogenous 
fiingi to different pesticides. 
The results of this study suggest that it will be possible to use this 
pathogen along with selected pesticides in IPM programme of the test 
insects. Microbial control agents serve as useful tool for IPM, as 
combination of pesticides with alternative mortality agents such as B. 
bassiana and other fungi serve to reduce selection pressure for resistance 
by lowering the dose and perhaps the number of pesticide application as 
reported by Foschi and Grassi (1985), Joshi et al. (1990), Quintela and 
McCoy (1997, 1998). Such combinations also introduce multiple 
mortality factors, so that individual with genes for insecticide resistance 
may still fall prey to B. bassiana (Anderson and Roberts, 1983). 
5.7.2. Effect oiB. bassiana on some insect predators: 
Data presented in Table-41 indicated that the predatory species of 
insects are also affected by BB10 isolate of fungus B. bassiana to varying 
degrees. However, M. sexmaculatus and Coccinella spp. were 
comparatively found more susceptible. Low susceptibility of M 
sexmaculatus to B. bassiana was also reported recently by Jayanthi and 
Padmavathamma (1996). The pathogenic effect of this fungus has already 
been reported on a variety of predacious beetles (Anonymous, 1988; 
Magalhaes et al, 1988; James and Lighthart, 1994; Steerberg et al, 1995, 
Todorova et al, 1996). Besides, Chrysopa spp. another important predator 
of common occurrence was found susceptible to infection of this fungus 
(Castineiras and Calderon, 1985; Pavlyushin and Krasavina, 1986; 
Donegan and Lighthart, 1989; Pavlyushin, 1996; Jayanthi and 
Padmavathamma, 1996). 
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Experimental results further indicated that Coccinella spp. were 
found more susceptible showing shorter incubation period for disease and 
resulting in higher mortality in comparison to other predators evaluated 
(Table-41). The effect may be drastic at higher concentration as shown in 
Table-42, Fig. 12. But the LC50 and LT50 values for BBIO isolate for the 
different stages of this predator was higher (Table-43 & 44) as compared 
to H. armigera and S. obliqua (Table-7, 8, 10, 11, 13 & 14). BBIO isolate 
was however comparatively less virulent to these predators. Results also 
indicated that pupae of this predator were found comparatively more 
susceptible with higher per cent mortality and lower LC50 and LT50 values 
of the BBIO isolate (Fig. 12, Table-43 & 44). These differences may also 
occur in the field conditions because pupae being stationary stage of 
insect are more liable to get infected while larvae and adults are movable 
and hence, have better chances of escaping inoculum. However, B. 
bassiana appears compatible with B. suturalis and Episyrphus sp. as 
indicated by results in the present studies (Table-41). 
These results are however based on laboratory trials and it is not 
necessary to get the same results in the field also. Overall actual effect of 
the entomogenous fungus on the predator population may vary greatly in 
the field where sub-optimal growing conditions, many different 
antagonists and adverse weather conditions prevail. Besides dosage of 
pathogen, method and time of its application, predator-pathogen behavior, 
are also important factors affecting the mortality in the field. But some 
reduction in predator population may be anticipated as evident from 
reports in case of C. septempunctata, P. quatuordecipunctata, M. 
sexmaculatus and C. carnea (Cartwright et al, 1984; Hemptinne, 1988; 
Jayanthi and Padmavathamma, 1996). 
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On the basis of these results it is suggested that BBIO isolate of B. 
bassiana may be used in IPM of test species in a compatible manner, 
without causing much harm to the common insect predators, with 
appropriate management of dosage and time of its application. 
5.8. Studies on the host range of BBIO isolate oiB. bassiana: 
Studies on the host spectrum reveals that the 22 insect species 
belonging to major taxonomic groups including major pests of 
agricultural and forestry importance (Table-45) and beneficial insects 
(coccinellid and syrphid predators) (Table-41), were found susceptible to 
B, bassiana, suggesting its wide host range. Bell (1974) also provided the 
list of host insects belonging to different taxonomic group and class of 
insects. A number of research workers have mentioned about the host 
spectrum of B. bassiana in various reviews published from time to time 
(Pramer, 1965; Bell, 1974; Rao; 1975; Ramakrishnan and Kumar, 1977; 
Burges, 1981; Gillespie and Claydon, 1989; Xu, 1991; Feng, 1994; Hou, 
1997). 
Out of list of host insects mentioned in Table-45, B. bassiana has 
already been reported pathogenic to H. armigera (Agarwal and Rajak, 
1985; Prasad et al, 1990; Sandhu et al, 1993), S. litura (Rangaswami et 
al, 1968; Prasad et al, 1989; Jayanthi and Padmavathamma, 1996), S. 
obliqua (Pandit and Samanta, 1994), E. machaeralis and H. puera 
(Agarwal et al, 1985; Rajak et al, 1993), H. robusta (Misra, 1993), 
Plusia sp. (Urs et al, 1965), D. mangiferae (Srivastava and Fasih, 1988), 
the major pests of various crops in India. Pests like, P. xylostella, E. 
zinckenella, different aphid species have also been found susceptible to B. 
bassiana as reported by researchers of various other countries of the 
world (Kato et al, 1989; Feng and Jhonson, 1990; Itoh et al, 1994; 
Vandenberg, 1996; Selman er* /^., 1997). 
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However, some of the coccinellid predators were also found 
susceptible to this isolate of 5. bassiana as revealed from the results of the 
present studies (Table 41). Susceptibility of insect predators to this 
pathogen was also reported by other workers (Bell, 1974; Magalhaes et 
ai, 1988; Jayanthi and Padmavathamma, 1996). 
On the basis of these results, the fungus was found highly 
pathogenic to some of the important insect pests i.e. E. machaeralis, H. 
armigera, H. robusta, L. orbonalis, O. euadrusalis, P. xylostella, S. 
obliqua, resulting in 70-100 per cent mortality (Fig. 13). It is thus 
concluded that this isolate may also be considered for use in IPM of these 
important pests of horticulture and forestry. 
As a result of the present studies some of the important insect 
species have been tested for their susceptibility to B. bassiana for the first 
time in our country. These are A. foevicollis, C. crocale, E. merione, 
Earias sp., L. orbonalis, P. ricini, P. cupreata, P. fulgurita and thus, these 
pests further add to the list of susceptible hosts ofB. bassiana. 
5.9. Screening of different substrates for mass multiplication of 
BBIO isolate oiB. bassiana: 
Many fungi grow profusely on damp solid media and produce 
conidia aerially. Suiface culture on solid or semisolid media is usually 
best suited for these fungi including the species B. bassiana (Goettel and 
Roberts, 1992). 
As a result of present studies rice, sorghum and maize provided 
significantly better growth and sporulation of the BBIO isolate (TabIe-46). 
These media provided loose solid substrate, a condition reported by 
Muller-Kogler (1967) as necessary for good growth and sporulation to 
occur. 
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Substrate of cooked rice or other grains has been employed in the 
standard technology for mass production of 5. bassiana and M anisopliae 
in many countries. Trays or autoclavable plastic bags or glass jars or 
bottles were used for the purpose (Alves, 1986; Filho et al., 1988; Alves 
and Pereira, 1989; Filho et al, 1989; Quintela, 1994; Feng et al, 1994). 
The yield ranging from 4.38x10^ to 2x10*' conidia g"* of rice substrate are 
obtainable with selected isolates (Alves and Pereira, 1989; Nelson et al 
1997; Narvaez et al 1997). However, in present studies, comparatively 
low yield of 4.28 x 10^ conidia gm"* of rice in conical flask was obtained 
in BBIO isolate and which did not differ significantly vv^ ith yield in maize 
(4.26 X 10^ conidia gm"*) and sorghum (4.36 x 10^ conidia gm"*). Rice 
also proved as better substrate for conidial production in comparison to 
seeds of cow-pea and sorghum as reported by Vilas Boas et al (1996) and 
grains of wheat and barley as reported by Nelson et al (1997). Results of 
present studies show wheat, barley, oat and pearl millet as inferior to rice. 
Results of present studies also indicated that rice husk alone or 
supplemented with carbon and nitrogen sources gave better yield in 
comparison to other byproducts/ wastes evaluated for mass multiplication 
of BBIO isolate of 5. bassiana. Rice husk supplemented with 1 per cent 
glucose and 1 per cent yeast extract resulted in best yield (42.04 x 10^ 
conidia gm"') followed by rice husk alone (33.07 x 10^ conidia gm"') and 
wheat husk supplemented with 1 per cent glucose and 1 per cent yeast 
extract (13.50 x 10^ conidia gm"'). Mazumder et al (1995) also obtained 
the best yield in rice husk supplemented with 2% glucose (5.8 ± 0.15 x 
10 conidia ml" ) for the isolate from D. armigera. Later on Puzari et al 
(1997) developed a culture medium for the same isolate using rice husk. 
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saw dust and rice bran at a ratio of 75 : 25 : 100, respectively with yield of 
39.33 X 10 conidia ml" after 24 days of incubation. The yield in this 
medium was nearly many fold higher than the yield obtained separately in 
the rice husk, and saw dust media evaluated earlier (Mazumder et al, 
1995). Lee Sang Myeong et al. (1996) obtained better growth of B. 
bassiana on rice bran, barley and com extract than on SMAY medium. 
They also reported better growth of B. bassiana and M. anisopliae in saw 
dust + rice bran medium than in an organic fertilizer + rice bran medium. 
Besides, various other by products/ wastes i.e. rice powder, wood 
shavings, sugarcane bagasse, distillery must, ground cornstalk, etc. have 
been evaluated with varying degree of success for conidial production of 
B. bassiana as reported by various workers (Hussey and Tinsley, 1981; 
Grajek and Sobezak, 1990; Ibrahim and Low, 1993; Feng et al, 1994; 
Calderon et al, 1995; Borges et al, 1997; Wraight and Carruthers, 1998; 
Areas etal, 1999). 
Progression of growth and higher conidial yield in rice husk and 
wheat husk media supplemented with glucose and yeast extract, can be 
attributed to the fact that growth of B. bassiana can occur up to certain 
extent by utilizing the endogenous carbon and nitrogen resources. 
However, addition of these energy sources exogenously enhanced fungal 
growth as also reported by Smith and Grula (1981). Further, in the present 
studies absence of growth or negligible growth in saw dust and rice bran 
may be due to insufficient amount of carbon and nitrogen sources as 
compared to the whole grains which are rich in essential nutrients. In 
general, growth and sporulation are ftmgal species and strain dependent as 
is well documented (Aregger, 1992; Kleespies and Zimmermann, 1992; 
Lee Sang Myeong, 1996; Lecuona et al, 1996; Narvaez, et al, 1997; 
Areas etal, 1999). 
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It is concluded from the results of the above studies that there are 
possibilities of utilization of cheaper natural media as well as the wastes/ 
by-products for cultivation of B. bassiana. Cultivation of entomogenous 
fungi on by-products tind wastes will further help in better management of 
these materials for useful purposes and also in reduction of environmental 
pollution. 
CHAPTER - VI 
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SUMMARY 
The salient findings of the studies conducted, are given below as per the 
objectives: 
1. Studies pertaining to the screening of different isolates of entomopathogenic 
fungus, B. bassiana against H. armigera, S. litura and S. obliqua revealed that 
all the 10 isolates were able to infect 3'^ ''-stage larvae of the test species of the 
insects in the laboratory bioassays. However, their virulence varied greatly 
among the three test species as evidenced by percentage mortality, LC50 and 
LT50 values. Among the isolates, the mean mortality ranged from, 47.50 to 
77.08 per cent against H. armigera, 26.11 to 52.79 per cent against S. litura 
and 51.12 to 81.12 per cent against S. obliqua. Probit analysis of dose-
mortality relationship revealed that LC50S ranged from 0.30 xlO^ to 116.63 
xlO^ conidia mX\ 20.17 xlO^ to 9781.55 xlO^ conidia ml"^  and 0.06 xlO^ to 
177.83 xlO^ conidia ml"' for H. armigera, S. litura and S. obliqua respectively. 
The highest percentage mortality and lowest LC50 values were recorded for 
BBIO isolate for all the three test species. Results also revealed that estimates 
of mean lethal time for H. armigera, S. litura and S. obliqua ranged from 
86.18 hr to 165.50 hr, 154.43 hr to 307.83 hr and 86.80 hr to 179.98 hr 
respectively. The LT50 estimates were lowest for BBIO isolate for the two 
species i.e. H. armigera and S. obliqua and for BB4 isolate in case of 5. litura. 
The results also indicate that the increase in inoculum level of different 
isolates of 5. bassiana resulted in corresponding increase in mortality rates in 
the three test insects. In general, significant differences were noticed at lower 
inoculum level ranging from 2x10'* to 2 xlO^ conidia ml"' when mean of all the 
isolates was considered. 
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On the basis of these findings BBIO isolate may be considered as the 
most virulent towards the three test species. 
2. Studies pertaining to evaluation and characterization of different isolates of 5. 
bassiana revealed that in general, significantly higher growth was observed in 
BBIO isolate in terms of mean colony diameter (37.66 mm), mean conidial 
yield (23.95x10^ conidia ml"') and mean mycelial dry weight (0.3208 gm). 
Findings of the above studies also indicated towards wide variations in 
different isolates for their requirements for nutrient media, pH and 
temperature. In general, better growth of different isolates was observed on 
SDA medium. Significantly higher hyphal growth was however, seen in 
media with pH values between 6.0 and 6.5, and temperature range of 20 to 30 
°C. On the basis of these results, pH value 6.0 and temperature of 25 °C was 
considered as optimum for growth and sporulation of BBIO isolate. Isolates 
BBl, BB2, BB3, BB4 and BBS were characterized as potential isolates in 
terms of hyphal growth and sporulation. On the basis of growth parameters 
and the virulence tests, BBIO isolate was therefore, selected for detailed 
studies related with the use of this bio-agent in IPM of the test insects. 
3. Histopathological observations on infection of B. bassiana in larvae of H. 
armigera, S. litura and 5*. obliqua showed progression and disease 
development due to infection of the fungus resulting in cytological changes 
and extensive destruction of tissues because of invasion of most of the internal 
organs by fungal hyphae. The gut and haemocoel was found completely filled 
with the fungus after 96 hr, post inoculation in case of H. armigera and S. 
obliqua and 120 hrpost inoculation in case oiS. litura. 
4. Studies pertaining to the determination of susceptibility of different larval 
instars of the test insects at different inoculum levels of BBIO isolate of B. 
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bassiana revealed that generally 2"^ ^ and 3"* larval instars were more 
susceptible than the 4"^  and 5* as compared on the basis of percentage 
mortality, LC50 and LT50 values. These results thus show that mortality rates 
decreased with advancement in age of the larvae. Mean mortality percentage 
for various larval instars ofH. armigera, S. litura and S. obliqua varied from 
52.08 to 73.00, 26.78 to 48.15, and 35.41 to 64.16 per cent respectively. LC50 
and LT50 values were observed lower for the initial instar larvae and higher for 
the later instar larvae. Results also revealed that the different instars of the 
three test species were found more susceptible to the infection of B. bassiana 
at higher conidial concentrations than at lower concentrations. These results 
showed that the host age and inoculum levels of fungus are responsible for 
influencing pathogenicity of 5. bassiana. 
5. Studies pertaining to influence of host plants on the susceptibility of test 
insects revealed that H. armigera, S. litura and S. obliqua more or less varied 
in their susceptibility to the infection of 5. bassiana when reared on different 
host plants. In terms of percentage mortality H. armigera larvae were 
significantly more susceptible to B. bassiana infection when reared on Cicer 
arietinum L, (83.33%) and Pisum sativum L. (86.66%) as compared to 
Lycopersicum esculentum Mill, and Cajanus cajan L. Similarly, S. litura 
larvae were significantly more susceptible to this fungus when reared on 
Brassica oleracea varieties (62.00%) and Ricinus communis L. (62.00%)), and 
least susceptible when reared on Arachis hypogea L. (54.29%). Whereas, S. 
obliqua were more susceptible to this fungus when reared on Brassica 
oleracea var. capitata L. (80.00%) and least susceptible when reared on R. 
communis (54.00%). LT50 values varied from 87.79 to 131.34 hr, 140.49 to 
158.50 hr and 112.70 to 152.73 hr for H. armigera, S. litura and S. obliqua 
respectively when reared on different host plants. 
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6. Studies pertaining to the effect of temperature on susceptibility of H. 
armigera, S. litura and S. obliqua clearly indicate that larval mortality due to 
infection of 5. bassiana in all three species of insects was found to depend on 
temperature. However, 25 °C was considered as optimum temperature for all 
three species for the infectivity of BB10 isolate of B. bassiana. Lowest LT50 
values (134.39, 149.67 and 122.33 hr) and highest mortality (83.33, 65.00 and 
66.66%) were recorded in H. armigera, S. litura and S. obliqua respectively. 
7. Studies pertaining to the compatibility of BBIO isolate of B. bassiana with 
pesticides and bioagents revealed that, all the pesticides affected the radial 
growth of this isolate significantly as compared to the control at three tested 
concentrations. Poison plate method was adopted for this test. In most of the 
cases pesticides had inhibitive effect and can be regarded as fungistatic. 
Results also indicate that fiingicide as a group affected the growth of B. 
bassiana the most, followed by insecticides and pesticides of plant origin. 
Among the fungicides, carbendazim totally inhibited the radial growth at all 
the concentrations up to 12"^  day of observation. Other fungicides, which 
strongly inhibited the mean radial growth, were benomyl, zineb, tricyclazole, 
thiophanate methyl, mancozeb, thiram and dodine (90.14 to 95.86% 
reduction). Sulphur affected the growth least (38.21%o). Among the 
insecticides, organophosphates were more harmftil to the radial growth of this 
isolate (60.00 to 94.64% reduction), synthetic pyrethroids were comparatively 
less inhibitory, while diamethoate caused least reduction (32.37%)). 
Results of evaluation of neem based pesticides revealed that these 
pesticides are comparatively safer for this fiingal bioagent. Neemark affected 
the radial growth to minimum (4.89%) while Neemguard affected the growth 
maximum (52.14%) in case of BBIO isolate. 
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The findings of these studies also indicated, towards varlaUe 
susceptibility of different insect predators to the infection of BB10 isolate of 
B. bassiana. Among test species, Brumoides suturalis Fab was not found 
susceptible, Episyrphus sp. was least susceptible (5% infection), while 
Coccinella spp. and Menochilus sexmaculatus Fab. were moderately 
susceptible (40% infection) at the conidial concentration of 1 x 10^  conidia ml" 
V The effect was however, more pronounced at higher concentrations. On the 
basis of these results, B. suturalis and Episyrphus sp. may be considered as 
compatible with B. bassiana for use in IPM. 
8. Studies pertaining to screening of hosts oi B. bassiana revealed that out of 24 
insect pests evaluated, 22 were found susceptible to BBIO isolate. Mortality 
due to infection of this isolate varied from 33.33 to 100.00 per cent and LT50 
values varied from 90.16 to 263.67 hr for different species at conidial 
concentration of 0.5 xlO''conidia ml"'. This isolate was however, found highly 
virulent to the larvae of Dacus sp., Eutectona machaeralis Walker, H. 
armigera, Hypsipyla robusta Moore, Leucinodes orbonalis Guinee, Orthaga 
euadrusalis Walker, Plutella xyllostella Cur. and S. obliqua. This finding 
shows that the BBIO isolate of 5. bassiana has wide host range and may be 
considered for IPM of the above-mentioned insect pests. 
9. Studies pertaining to screening of different substrates for mass multiplication 
of BBIO isolate of-8. bassiana revealed that sorghum, rice and maize allowed 
7 1 
significantly more sporulation (42.60 to 43.60 x 10 conidia gm"). Among 
various byproducts/ wastes, significantly higher conidial yield (42.04 x 10^  
conidia gm'') was noticed in rice-husk supplemented with one per cent 
glucose and one per cent yeast extract. Saw dust and rice bran alone did not 
favour growth. 
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